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The cardievascular system consists of the heart as
well as bloed vessels [arteries, veins and capillaries)
and lymphatic vessels. Arteries dellver oxygenated
blood (red} to the capillaries where bidirectional
exchange occurs betwean blood and tissues. Velns
collect deoxygenated blood {blue} from the
micravascular bed and carry It back to the heart.
Lymphatic vessels {yallow) collect extravasated
tissua fluld, Filter It through lymph nodes and return
it to the circulation through the thoracic and
Iymphatic ducts and the Iymphaticovenaus
anastomoses {not shown). The lymphatic vascular
system Is not continwous like the blood vascular
system. {Figure and legend reproduced from: Jones,
K., et al. (2001) Tie receptors: new modulators of
anglegenic and lymphanglogenic responses. Nat.
Rev, Mol. Cell Biol. 2; 257-2&7, with permission.)



As most of the cells in the human body are not in direct contact with the external environment, the
circulatory system acts as a transport system for these cells. Two distinct fluids move through the
circulatory system: blood and lymph. Blood carries oxygen and nutrients to the body's cells, and
carries waste materials away. Blood also carries hormones, which control body processes, and
antibodies, to fight invading germs. The heart is the pump that keeps this transport system moving.
Together, the blood, heart, and blood vessels form the circulatory system.

The lymphatic system (lymph, lymph nodes and lymph vessels) supports the circulatory system
by draining excess fluids and proteins from tissues back into the bloodstream, thereby preventing
tissue swelling. It also serves as a defense system for the body, filtering out organisms that cause
disease, producing white blood cells, and generating antibodies.

The biochemical make up of lymph — the fluid found in the lymphatic vessels — varies with the
site of origin. For example, lymph from bone marrow, spleen, and thymus have high concentrations
of white blood cells for fighting infection, while lymph from intestines is high in fat that has been
absorbed during digestion. Damage to the lymphatic and circulatory systems leaves the body more
susceptible to sickness and infection, as well as to serious conditions such as cancer.
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Sickle cell anemia is the most common inherited
blood disorder in the United States, affecting about
72,000 Americans or 1 in 500 African Americans.
SCA is characterized by episodes of pain, chronic
hemolytic anemia and severe infections, usually
beginning in early childhood.

SCA is an autosomal recessive disease caused
by a point mutation in the hemoglobin beta gene
(HBB) found on chromosome 11p15.4. Carrier fre-
guency of HBB varies significantly around the world,
with high rates associated with zones of high malaria
incidence, since carriers are somewhat protected
against malaria. About 8% of the African American
population are carriers. A mutation in HBB results in
the production of a structurally abnormal hemoglobin
(Hb), called HbS. Hb is an oxygen carrying protein
that gives red blood cells (RBC) their characteristic
color. Under certain conditions, like low oxygen lev-
els or high hemoglobin concentrations, in individuals
who are homozygous for HbS, the abnormal HbS
clusters together, distorting the RBCs into sickled
shapes. These deformed and rigid RBCs become
trapped within small blood vessels and block them,
producing pain and eventually damaging organs.

Though, as yet, there is no cure for SCA, a
combination of fluids, painkillers, antibiotics and
transfusions are used to treat symptoms and compli-
cations. Hydroxyurea, an antitumor drug, has been
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shown to be effective in preventing painful crises.
Hydroxyurea induces the formation of fetal Hb (HbF)
—a Hb normally found in the fetus or newborn—
which, when present in individuals with SCA, pre-
vents sickling. A mouse model of SCA has been
developed and is being used to evaluate the effec-
tiveness of potential new therapies for SCA.
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Fact Sheet [http://www.nhlbi.nih.gov/health/dci/Diseases/Sca/SCA_Whatls.html] from the National Heart, Lung and Blood Institute,

NIH

SCDAA [www.sicklecelldisease.org] Sickle Cell Disease Association of America


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=HBB
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=3043
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4504349&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=sickle+cell+anemia%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=sickle+cell+anemia
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=603903
http://www.nhlbi.nih.gov/health/dci/Diseases/Sca/SCA_WhatIs.html
http://www.sicklecelldisease.org
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Im Burkitt lyrnphama, Myc, which is
normally found on chromosome 2,

iz transferred to chrornosorne 14, This
iz known as chrormosorne translocation
and can be characteristic of a cancer
type. [irnage credit: Gregory Schuler,
MCEL, MLM, HIH.]

Burkitt lymphoma is a rare form of cancer predomi-
nantly affecting young children in Central Africa, but
the disease has also been reported in other areas.
The form seen in Africa seems to be associated with
infection by the Epstein—Barr virus, although the
pathogenic mechanism is unclear.
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Burkitt lymphoma results from chromosome
translocations that involve the Myc gene. A chromo-
some translocation means that a chromosome is
broken, which allows it to associate with parts of
other chromosomes. The classic chromosome
translocation in Burkitt lymophoma involves chromo-
some 8, the site of the Myc gene. This changes the
pattern of Myc's expression, thereby disrupting its
usual function in controlling cell growth and prolifera-
tion.

We are still not sure what causes chromosome
translocation. However, research in model organ-
isms such as mice is leading us toward a better
understanding of how translocations occur and,
hopefully, how this process contributes to Burkitt
lymphoma and other cancers such as leukemia.
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CancerNet [cancernet.nci.nih.gov/] from the National Cancer Institute, NIH

American Cancer Society [www.cancer.org/] research and patient support
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http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=myc%20OR%20burkitt%20lymphoma
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=4609
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=12962935&org=1
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=burkitt
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=113970
http://www.cancer.org/
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Gaucher (pronounced "go-SHAY") disease is an
inherited illness caused by a gene mutation. Nor-
mally, this gene is responsible for an enzyme called
glucocerebrosidase that the body needs to break
down a particular kind of fat called glucocerebroside.
In people with Gaucher disease, the body is not able
to properly produce this enzyme, and the fat can not
be broken down. It then accumulates, mostly in the
liver, spleen, and bone marrow. Gaucher disease
can result in pain, fatigue, jaundice, bone damage,
anemia, and even death.

Gaucher disease is considerably more common
in the descendants of Jewish people from Eastern
Europe (Ashkenazi), although individuals from any
ethnic group may be affected. Among the Ashkenazi
Jewish population, Gaucher disease is the most
common genetic disorder, with an incidence of
approximately 1 in 450 persons. In the general pub-
lic, Gaucher disease affects approximately 1 in
100,000 persons. According to the National Gaucher
Foundation, 2500 Americans suffer from Gaucher
disease.
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In 1991, enzyme replacement therapy became
available as the first effective treatment for Gaucher
disease. The treatment consists of a modified form
of the glucocerebrosidase enzyme given intra-
venously. Performed on an outpatient basis, the
treatment takes about 1-2 h and is given every 2
weeks. Enzyme replacement therapy can stop and
often reverse the symptoms of Gaucher disease,
allowing patients to enjoy a better quality of life.

Gaucher cellz. [Image
credit: E. Beutler, Scripps
Fesearch Institute,

La dolla, CA, USA,]
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National Gaucher Foundation [www.gaucherdisease.org/] supporting research into the causes of Gaucher disease


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=Gaucher
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=2629
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=54607043&all=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=%28Gaucher%5BText%20Word%5D%20AND%20%22pubmed%20pmc%22%5BFilter%5D%29
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=Gaucher
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=230800
http://www.gaucherdisease.org/
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Hemophilia A is a hereditary blood disorder, pri-
marily affecting males, characterized by a deficiency
of the blood clotting protein known as Factor VIl that
results in abnormal bleeding. Babylonian Jews first
described hemophilia more than 1700 years ago; the
disease first drew widespread public attention when
Queen Victoria transmitted it to several European
royal families. Mutation of the HEMA gene on the X
chromosome causes Hemophilia A. Normally,
females have two X chromosomes, whereas males
have one X and one Y chromosome. Since males
have only a single copy of any gene located on the X
chromosome, they cannot offset damage to that
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gene with an additional copy as can females. Con-
sequently, X-linked disorders such as Hemophilia A
are far more common in males. The HEMA gene
codes for Factor VIII, which is synthesized mainly in
the liver, and is one of many factors involved in
blood coagulation; its loss alone is enough to cause
Hemophilia A even if all the other coagulation factors
are still present.

Treatment of Hemophilia A has progressed
rapidly since the middle of the last century when
patients were infused with plasma or processed
plasma products to replace Factor VIII. HIV contam-
ination of human blood supplies and the consequent
HIV infection of most hemophiliacs in the mid-1980s
forced the development of alternate Factor VIII
sources for replacement therapy, including mono-
clonal antibody purified Factor VIII and recombinant
Factor VI, both of which are used in replacement
therapies today.

Development of a gene replacement therapy for
Hemophilia A has reached the clinical trial stage,
and results so far have been encouraging. Investiga-
tors are still evaluating the long-term safety of these
therapies, and it is hoped that a genetic cure for
hemophilia will be generally available in the future.
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National Hemophilia Foundation [www.hemophilia.org/] a nonprofit organization dedicated to finding cures for inherited bleeding

disorders


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=hemophilia
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=2157
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4503647&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=hemophilia%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=hemophilia
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=306700
http://www.hemophilia.org/
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Chronic myeloid leukemia (CML) is a cancer of
blood cells, characterized by replacement of the
bone marrow with malignant, leukemic cells. Many of
these leukemic cells can be found circulating in the
blood and can cause enlargement of the spleen,
liver, and other organs.

CML is usually diagnosed by finding a specific
chromosomal abnormality called the Philadelphia
(Ph) chromosome (see figure), named after the city
where it was first recorded. The Ph chromosome is
the result of a translocation—or exchange of genetic
material—between the long arms of chromosomes 9
and 22 . This exchange brings together two genes:
the BCR (breakpoint cluster region) gene on chro-
mosome 22 and the proto-oncogene ABL (Ableson
leukemia virus) on chromosome 9. The resulting
hybrid gene BCR-ABL codes for a fusion protein with
tyrosine kinase activity, which activates signal trans-
duction pathways, leading to uncontrolled cell
growth.

A mouse model has been created that develops
a CML-like disease when given bone marrow cells
infected with a virus containing the BCR-ABL gene.
In other animal models, the fusion proteins have
been shown to transform normal blood precursor
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cells to malignant cells. To research the human dis-
ease, antisense oligomers (short DNA segments)
that block BCR-ABL were developed that specifically
suppressed the formation of leukemic cells while not
affecting the normal bone marrow cell development.
These and other experimental techniques may lead
to future treatments for CML.
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Cancer.gov [http://www.cancer.gov/cancerinfo/wyntk/leukemia] from the National Cancer Institute, NIH


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=BCR%20OR%20ABL
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=gene&details_term=%28%28%28BCR%5BGene%20Name%5D%20OR%20ABL%5BGene%20Name%5D%29%20AND%20alive%5Bprop%5D%29%20AND%20%22Homo%20sapiens%22%5BOrganism%5D%29
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=11038639&org=1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=BCR%20AND%20ABL%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=BCR%20AND%20ABL
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=BCR%20OR%20ABL
http://www.cancer.gov/cancerinfo/wyntk/leukemia
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In 1914, German pediatrician Albert Niemann
described a young child with brain and nervous sys-
tem impairment. Later, in the 1920's, Luddwick Pick
studied tissues after the death of such children and
provided evidence of a new disorder, distinct from
those storage disorders previously described.

Today, there are three separate diseases that
carry the name Niemann-Pick: Type A is the acute
infantile form, Type B is a less common, chronic,
non-neurological form, while Type C is a biochemi-
cally and genetically distinct form of the disease.
Recently, the major locus responsible for Niemann—
Pick type C (NP-C) was cloned from chromosome
18, and found to be similar to proteins that play a
role in cholesterol homeostasis.

Usually, cellular cholesterol is imported into
lysosomes—'bags of enzymes' in the cell—for pro-
cessing, after which it is released. Cells taken from
NP-C patients have been shown to be defective in
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releasing cholesterol from lysosomes. This leads to
an excessive build-up of cholesterol inside lyso-
somes, causing processing errors. NPC1 was found
to have known sterol-sensing regions similar to
those in other proteins, which suggests it plays a
role in regulating cholesterol traffic.

Cells stained to show unesterified
cholesteral in MP-C cells (white], The
arrow 5 show cell normalized by trans-
fection with MPC1 DA, [Reproduced
with perrnizsion frorm Carstea et al,
{1997) Science 277, 228-231.]
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Fact sheet [www.ninds.nih.gov/health_and_medical/disorders/niemann.doc.htm] from the National Institute of Neurological
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National Niemann-Pick Disease Foundation [www.nnpdf.org] an educational, support and fund-raising organization


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=Niemann-Pick
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=4864
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4557803&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=Niemann-Pick%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=Niemann-Pick
http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=257200
http://www.ninds.nih.gov/health_and_medical/disorders/niemann.doc.htm
http://www.nnpdf.org
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The distinct and rather peculiar characteristics of
paroxysmal nocturnal hemoglobinuria (PNH) have
puzzled hematologists for more than a century. PNH
is characterized by a decreased number of red blood
cells (anemia), and the presence of blood in the
urine (hemoglobinuria) and plasma (hemoglobine-
mia), which is evident after sleeping. PNH is associ-
ated with a high risk of major thrombotic events,
most commonly thrombosis of large intra-abdominal
veins. Most patients who die of their disease die of
thrombosis.

PNH blood cells are deficient in an enzyme
known as PIG-A, which is required for the biosyn-
thesis of cellular anchors. Proteins that are partly on
the outside of cells are often attached to the cell
membrane by a glycosylphosphatidylinositol (GPI)
anchor, and PIG-A is required for the synthesis of a
key anchor component. If PIG-A is defective, surface
proteins that protect the cell from destructive com-
ponents in the blood (complement) are not anchored
and therefore absent, so the blood cells are broken
down.

The PIG-A gene is found on the X chromosome.
Although not an inherited disease, PNH is a genetic
disorder, known as an acquired genetic disorder.
The affected blood cell clone passes the altered
PI1G-A to all its descendants—red cells, leukocytes
(including lymphocytes), and platelets. The propor-
tion of abnormal red blood cells in the blood deter-
mines the severity of the disease.

Important Links
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http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=paroxysmal+nocturnal+hemoglobinuria
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=5277
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=11863130&org=1
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http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=paroxysmal+nocturnal+hemoglobinuria
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Porphyria is a diverse group of diseases in
which production of heme is disrupted. Porphyria is
derived from the Greek word "porphyra”, which
means purple. When heme production is faulty, por-
phyrins are overproduced and lend a reddish-purple
color to urine.

Heme is composed of porphyrin, a large circular
molecule made from four rings linked together with
an iron atom at its center. Heme is the oxygen-
binding part of hemoglobin, giving red blood cells
their color. It is also a component of several vital
enzymes in the liver including the group known as
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cytochrome P450. This enzyme family is important in
converting potentially harmful substances such as
drugs to inactive products destined for excretion.

Heme synthesis takes place in several steps,
each of which requires a specific enzyme of which
there are 8 in total. The genes that encode these
enzymes are located on different chromosomes, and
mutations of these genes can be inherited in either
an autosomal dominant or autosomal recessive fash-
ion, depending on the gene concerned. Affected
individuals are unable to complete heme synthesis,
and intermediate products, porphyrin or its precur-
sors, accumulate.

Environmental triggers are important in many
attacks of porphyria. Example triggers include cer-
tain medications, fasting, or hormonal changes.
Genetic carriers who avoid a triggering exposure
may never experience symptoms.

The cutaneous porphyrias cause sun sensitivity,
with blistering typically on the face, back of the
hands, and other sun-exposed areas. The most
common of these is porphyria cutanea tarda (PCT).
Triggering factors are alcohol use, estrogen, iron,
and liver disease, particularly hepatitis C.

The acute porphyrias typically cause abdominal
pain and nausea. Some patients have personality
changes and seizures at the outset. With time the
illness can involve weakness in many different mus-
cles.

The cutaneous and acute forms are treated dif-
ferently. Cure of these genetic diseases awaits the
results of ongoing research on the safest and most
effective means of gene transfer or correction.
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Books online books section
OMIM catalog of human ge

Websites

nes and disorders

Fact sheet [http://digestive.niddk.nih.gov/ddiseases/pubs/porphyria/lfrom National Institute of Diabetes and Digestive and Kidney

Diseases (NIDDK), NIH

MedlinePlus [http://www.nIm.nih.gov/medlineplus/ency/article/001208.htm]a medical encyclopedia from the National Library of

Medicine, NIH
Step in Pathway Enzyme Disease caused by enzyime deficiency

1 ALA syvnthase
2 ALA detwdratase ALAD parphyria
3 HmMB synthase Acute intermittant porphyria
4 LIroporphyrinogen synthase (UROS) Congenital erythropoietic porphyria
) Liroporphyrinogen decarhoxylase (LR D) FPaorphyria cutanea tarda
i} Coproporphyrinogen oxidase Hereditary copropophyria
T FProtoporpkyrinogen oxidase Yariegate pophyria
g Ferrachelstase Erythropoietic protoparphyria
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http://www.nlm.nih.gov/medlineplus/ency/article/001208.htm

Genes and Disease

Thalassemia

Blood and Lymph Diseases

Thalassemia is an inherited disease of faulty synthe-
sis of hemoglobin. The name is derived from the
Greek word "thalassa" meaning "the sea" because
the condition was first described in populations living
near the Mediterranean Sea; however, the disease
is also prevalent in Africa, the Middle East, and Asia.

Thalassemia consists of a group of disorders
that may range from a barely detectable abnormality
of blood, to severe or fatal anemia. Adult hemoglobin
is composed of two alpha (a) and two beta (B)
polypeptide chains. There are two copies of the
hemoglobin alpha gene (HBA1 and HBA2), which
each encode an a-chain, and both genes are located
on chromosome 16. The hemoglobin beta gene
(HBB) encodes the B-chain and is located on chro-
mosome 11.

In a-thalassemia, there is deficient synthesis of
a-chains. The resulting excess of B-chains bind oxy-
gen poorly, leading to a low concentration of oxygen
in tissues (hypoxemia). Similarly, in B-thalassemia
there is a lack of B-chains. However, the excess a-
chains can form insoluble aggregates inside red
blood cells. These aggregates cause the death of
red blood cells and their precursors, causing a very
severe anemia. The spleen becomes enlarged as it
removes damaged red blood cells from the circula-
tion.

Deletions of HBA1 and/or HBA2 tend to underlie
most cases of a-thalassemia. The severity of symp-
toms depends on how many of these genes are lost.
Loss of one or two genes is usually asymptomatic,
whereas deletion of all four genes is fatal to the
unborn child.

Important Links

In contrast, over 100 types of mutations affect
HBB, and deletion mutations are rare. Splice muta-
tions and mutations that occur in the HBB gene
promoter region tend to cause a reduction, rather
than a complete absence, of B-globin chains and so
result in milder disease. Nonsense mutations and
frameshift mutations tend to not produce any B-
globin chains leading to severe disease.

Currently, severe thalassemia is treated by
blood transfusions, and a minority of patients are
cured by bone marrow transplantation. Mouse mod-
els are proving to be useful in assessing the poten-
tial of gene therapy.

Alpha ¥
@ chain ' N

! Alpha
chain

Beta
chain

Adult hemoglabin (HbA) contains

twia alpha chains and e bets chains.
Inthalaszemia, thare i deficiant
synthesiz of ether the alpha chains or
the beta chains. Symptomes are a
result of not onby low lewels of Hb,
but akz o the relatively high levels of
the chainthat i syntheszed.
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BLink a-chain [www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=122412&org=1]

BLink B-chain [www.ncbi.nim.nih.gov/sutils/blink.cgi?pid=4504349&all=1] related sequences in different organisms
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http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=thalassemia
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Research articles online full text
Books online books section
OMIM catalog of human genes and disorders
Websites
Cooley's Anemia Foundation [www.cooleysanemia.org/]Further information for patients and families
Thalassemia.Com [www.thalassemia.com]Further information for patients and health care workers
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http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=thalassemia
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=604131
http://www.cooleysanemia.org/
http://www.thalassemia.com
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Cancers

An irmmortal Hela cell, ariginally derived
fram a hurman turnor, undergaing cell

division, It is stained with anti-tubulin [green)
and arti-CEMP-E (red) artibodies, CEMP-E, 2
kinesin, is associated with the certrorneres of
paired sister chromatids during rmetaphasze.
[Photograph by Tim ven and calleagues,

Fox Chase Cancer Center, P&, LISA,
Reproduced frorm Endaow, SE [1993) Trends
Genet, 9, 52-55, with permission, ]

Cancer occurs when cell division gets out of control. Usually, the timing of cell division is under strict
constraint, involving a network of signals that work together to say when a cell can divide, how often
it should happen and how errors can be fixed. Mutations in one or more of the nodes in this network
can trigger cancer, be it through exposure to some environmental factor (e.g. tobacco smoke) or
because of a genetic predisposition, or both. Usually, several cancer-promoting factors have to add
up before a person will develop a malignant growth: with some exceptions, no one risk alone is
sufficient.

The predominant mechanisms for the cancers featured here are (i) impairment of a DNA repair

pathway (ii) the transformation of a normal gene into an oncogene and (iii) the malfunction of a
tumor supressor gene.



Genes and Disease

Breast and ovarian cancer

Cancers

Breast cancer is the second major cause of cancer
death in American women, with an estimated 44,190
lives lost (290 men and 43,900 women) in the US in
1997. While ovarian cancer accounts for fewer
deaths than breast cancer, it still represents 4% of
all female cancers. For some of the cases of both
types of cancer, there is also a clear genetic link.

In 1994, two breast cancer susceptibility genes
were identified: BRCA1 on chromosome 17 and
BRCA2 on chromosome 13. When an individual car-
ries a mutation in either BRCAL or BRCA2, they are
at an increased risk of being diagnosed with breast
or ovarian cancer at some point in their lives. Until
recently, it was not clear what the function of these
genes was, until studies on a related protein in yeast
revealed their normal role: they participate in repair-
ing radiation-induced breaks in double-stranded
DNA. It is though that mutations in BRCAL1 or
BRCAZ2 might disable this mechanism, leading to
more errors in DNA replication and ultimately to can-
cerous growth.

So far, the best opportunity to reduce mortality is
through early detection (general screening of the
population for BRCA1 and BRCAZ2 is not yet recom-
mended). However, new strategies to find anticancer
drugs are constantly being developed. The latest,
called "synthetic lethal screening" looks for new drug

Important Links

targets in organisms such as yeast and fruit flies. In
the same way that studies in yeast recently helped

to identify the functions of BRCA1 and BRCA2, it is
thought that drugs that work in more primative organ-
isms will also be applicable to humans.

"while we all work toward 2
cure, education, research and
increased access to treatment
rernain our best allies in the
fight against breast cancer”

Betty Ford, forrner breast
cancer patient and now an
activist on behalf of expanded
breast cancer research and
education,
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CancerNet [cancernet.nci.nih.gov/] from the National Cancer Institute, NIH
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http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=breast%20cancer
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=gene&details_term=%28%28BRCA%5BAll%20Fields%5D%20AND%20alive%5Bprop%5D%29%20AND%20%22Homo%20sapiens%22%5BOrganism%5D%29
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=6552299&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=breast%20cancer%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=breast%20cancer
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=114480
http://www.geneclinics.org/profiles/brca1/index.html
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Burkitt lymphoma

Cancers

Im Burkitt lyrnphama, Myc, which is
normally found on chromosome 2,

iz transferred to chrornosorne 14, This
iz known as chrormosorne translocation
and can be characteristic of a cancer
type. [irnage credit: Gregory Schuler,
MCEL, MLM, HIH.]

Burkitt lymphoma is a rare form of cancer predomi-
nantly affecting young children in Central Africa, but
the disease has also been reported in other areas.
The form seen in Africa seems to be associated with
infection by the Epstein—Barr virus, although the
pathogenic mechanism is unclear.

Important Links

Burkitt lymphoma results from chromosome
translocations that involve the Myc gene. A chromo-
some translocation means that a chromosome is
broken, which allows it to associate with parts of
other chromosomes. The classic chromosome
translocation in Burkitt lymophoma involves chromo-
some 8, the site of the Myc gene. This changes the
pattern of Myc's expression, thereby disrupting its
usual function in controlling cell growth and prolifera-
tion.

We are still not sure what causes chromosome
translocation. However, research in model organ-
isms such as mice is leading us toward a better
understanding of how translocations occur and,
hopefully, how this process contributes to Burkitt
lymphoma and other cancers such as leukemia.
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http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=myc%20OR%20burkitt%20lymphoma
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=4609
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=12962935&org=1
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http://www.cancer.org/

Genes and Disease

Colon cancer

Cancers

The American Cancer Society estimates that there
will be 93,800 new cases of colon cancer diagnosed
in the US in 2000, with 47,700 resulting deaths. All
kinds of cancer occur when cell division, normally a
very highly regulated process, gets out of control.
While environmental factors can certainly contribute
to a person's risk of cancer (e.g. smoking, diet, and
exercise), most cancers have a genetic basis too.
Literally hundreds of genes and proteins are
involved in monitoring the process of cell division
and DNA replication; a mutation in one or more of
these genes or proteins can sometimes lead to
uncontrolled cancerous growth.

Colon cancer is one of the most common inher-
ited cancer syndromes known. Among the genes
found to be involved in colorectal cancer are: MSH2
and MSH6 both on chromosome 2 and MLH1, on
chromosome 3. Normally, the protein products of
these genes help to repair mistakes made in DNA
replication. If the MSH2, MSH6, and MLHL1 proteins
are mutated and therefore don't work properly, the
replication mistakes are not repaired, leading to
damaged DNA and, in this case, colon cancer.

Important Links

It is not clear why mutations in genes that are
essential in all tissues preferentially cause cancer in
the colon. However, studies on the equivalent genes
in mice and brewer's yeast are helping to further our
understanding of the mechanisms of DNA repair and
the role that environmental factors might play in
colon cancer incidence.
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http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=colon%20cancer
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=gene&details_term=%28%28%28%28MSH2%5BGene%20Name%5D%20OR%20MSH6%5BGene%20Name%5D%29%20OR%20MLH1%5BGene%20Name%5D%29%20AND%20alive%5Bprop%5D%29%20AND%20%22Homo%20sapiens%22%5BOrganism%5D%29
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4557761&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=colon%20cancer%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=colon%20cancer
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=colon%20cancer
http://www.cancer.org
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Leukemia, chronic myeloid

Cancers

Chronic myeloid leukemia (CML) is a cancer of
blood cells, characterized by replacement of the
bone marrow with malignant, leukemic cells. Many of
these leukemic cells can be found circulating in the
blood and can cause enlargement of the spleen,
liver, and other organs.

CML is usually diagnosed by finding a specific
chromosomal abnormality called the Philadelphia
(Ph) chromosome (see figure), named after the city
where it was first recorded. The Ph chromosome is
the result of a translocation—or exchange of genetic
material—between the long arms of chromosomes 9
and 22 . This exchange brings together two genes:
the BCR (breakpoint cluster region) gene on chro-
mosome 22 and the proto-oncogene ABL (Ableson
leukemia virus) on chromosome 9. The resulting
hybrid gene BCR-ABL codes for a fusion protein with
tyrosine kinase activity, which activates signal trans-
duction pathways, leading to uncontrolled cell
growth.

A mouse model has been created that develops
a CML-like disease when given bone marrow cells
infected with a virus containing the BCR-ABL gene.
In other animal models, the fusion proteins have
been shown to transform normal blood precursor

Important Links

cells to malignant cells. To research the human dis-
ease, antisense oligomers (short DNA segments)
that block BCR-ABL were developed that specifically
suppressed the formation of leukemic cells while not
affecting the normal bone marrow cell development.
These and other experimental techniques may lead
to future treatments for CML.
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http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=11038639&org=1
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=BCR%20AND%20ABL
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=BCR%20OR%20ABL
http://www.cancer.gov/cancerinfo/wyntk/leukemia
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Lung carcinoma, small cell

Cancers

In the US, lung cancer is the most common cause of
cancer deaths among both men and women. In fact,
North Americans have the highest rates of lung can-
cer in the world. In 1997, some 178,100 new cases
were diagnosed, and roughly 160,400 deaths
occurred from the disease. Sadly, the 5-year survival
rate for persons with lung cancer is only 14%. Since
the 1940s, the increase in lung cancer mortality by
gender has followed historic patterns of smoking,
with a 20-year time lag. About 90% of male lung
cancer deaths and 80% of female lung cancer
deaths are attributable to cigarette smoking.
Although smoking is by far the major risk factor for
lung cancer, certain industrial substances, such as
asbestos, and environmental factors can contribute.

Small cell lung carcinoma is distinctive from
other kinds of lung cancer (metastases are already
present at the time of discovery) and accounts for
approximately 110,000 cancer diagnoses annually.
A deletion of part of chromosome 3 was first
observed in 1982 in small cell lung carcinoma cell
lines.

Important Links

As with other cancers, mutations in a variety of
molecules (oncogenes and tumor-suppressor genes)
that control cell growth and division are observed,
and no one mutation is likely to result in cancerous
growth. Basic research into the function of these
molecules—how and when they play their role—
should help the fight against lung, and other, can-
cers and give clues to find appropriate therapies.

CT scan showing lung cancer.
[Irnage credit: Pat Connelly,
Miarni Yalley Hospital, Dayton,
OH, USA. ]
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Malignant melanoma

Cancers

In 1997, it was expected that about 40,300 Ameri-
cans would be diagnosed with malignant melanoma,
the most aggressive kind of skin cancer. Melanomas
are more common in people with lightly pigmented
skin, and people who have had melanoma once
have a high risk of developing new melanomas.

In some cases, the risk of developing melanoma
runs in families, where a mutation in the CDKN2
gene on chromosome 9 can underlie susceptibility to
melanoma. CDKN2 codes for a protein called p16
that is an important regulator of the cell division
cycle; it stops the cell from synthesizing DNA before
it divides. If p16 is not working properly, the skin cell
does not have this brake on the cell division cycle
and so can go on to proliferate unchecked. At some
point this proliferation can be seen as a sudden
change in skin growth or the appearance of a mole.

The most powerful weapons against melanoma
are therefore 1) prevention, by using protective cloth-
ing and sun screen and 2) early detection, by recog-

Important Links

nizing changes in skin growths or the appearance of
new growths. Insight may also be drawn for other
cancer types by studying the molecular biology of
pl6, since the malfunction of other components of
the p16 pathway have also been implicated in other

cancers.

Malignart rmelanorna is
aszociated with mutation of

a tumor suppressor gene
involved in cell cycle contral,
[Irnage credit: Mational
Cancer Institute, MIH,
Bethesda, MD, USA ]
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Multiple endocrine neoplasia

Cancers

Multiple endocrine neoplasia (MEN) is a group of
rare diseases caused by genetic defects that lead to
hyperplasia (abnormal multiplication or increase in
the number of normal cells in normal arrangement in
a tissue) and hyperfunction (excessive functioning)
of two or more components of the endocrine system.
Endocrine glands are different from other organs
in the body because they release hormones into the
bloodstream. Hormones are powerful chemicals that
travel through the blood, controlling and instructing
the functions of various organs. Normally, the hor-
mones released by endocrine glands are carefully

Important Links

balanced to met the body's needs. When a person
has MEN, specific endocrine glands, such as the
parathyroid glands, the pancreas gland, and the pitu-
itary gland, tend to become overactive. When these
glands go into overdrive, the result can be: exces-
sive calcium in the bloodstream (resulting in kidney
stones or kidney damage); fatigue; weakness; mus-
cle or bone pain; constipation; indigestion; and
thinning of bones.

The MEN1 gene, which has been known for
several years to be found on chromosome 11, was
more finely mapped in 1997.
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Neurofibromatosis

Cancers

Neurofibromatosis, type 2, (NF-2) is a rare inherited
disorder characterized by the development of benign

tumors on both auditory nerves (acoustic neuromas).

The disease is also characterized by the develop-
ment of malignant central nervous system tumors as
well.

The NF2 gene has been mapped to chromo-
some 22 and is thought to be a so-called 'tumor-
suppressor gene'. Like other tumor suppressor
genes (such as p53 and Rb), the normal function of
NF2 is to act as a brake on cell growth and division,
ensuring that cells do not divide uncontrollably, as
they do in tumors. A mutation in NF2 impairs its
function, and accounts for the clinical symptoms
observed in neurofibromatosis sufferers. NF-2 is an
autosomal dominant genetic trait, meaning it affects
both genders equally and that each child of an
affected parent has a 50% chance of inheriting the
gene.

We are learning more about the function of the
NF2 gene through studies of families with neurofi-
bromatosis type 2 and through work in model organ-

Important Links

isms, particularly mice. The exact molecular function
of NF2 in the cell is still unknown, although the pro-
tein is similar to the ERM family of cytoskeleton-
membrane linker proteins. Further work on the
binding partners of NF2 would help to identify poten-
tial specific targets for future drug therapies.

Microscopic section of 2
zchw annorna, a turnor
cornrmonly found in patierts
with MF-2, [Irmage credit: K.
Roth and Robert Schrnidt,
Washington University, St
Louis, MO, USA,]
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The p53 tumor suppressor protein

Cancers

The p53 gene like the Rb gene, is a tumor suppres-
sor gene, i.e., its activity stops the formation of
tumors. If a person inherits only one functional copy
of the p53 gene from their parents, they are predis-
posed to cancer and usually develop several inde-
pendent tumors in a variety of tissues in early
adulthood. This condition is rare, and is known as Li-
Fraumeni syndrome. However, mutations in p53 are
found in most tumor types, and so contribute to the
complex network of molecular events leading to
tumor formation.

The p53 gene has been mapped to chromosome
17. In the cell, p53 protein binds DNA, which in turn
stimulates another gene to produce a protein called
p21 that interacts with a cell division-stimulating pro-
tein (cdk2). When p21 is complexed with cdk2 the
cell cannot pass through to the next stage of cell
division. Mutant p53 can no longer bind DNA in an
effective way, and as a consequence the p21 protein
is not made available to act as the 'stop signal' for
cell division. Thus cells divide uncontrollably, and
form tumors.

Help with unraveling the molecular mechanisms
of cancerous growth has come from the use of mice
as models for human cancer, in which powerful

Important Links

'‘gene knockout' techniques can be used. The
amount of information that exists on all aspects of
p53 normal function and mutant expression in
human cancers is now vast, reflecting its key role in
the pathogenesis of human cancers. It is clear that
p53 is just one component of a network of events
that culminate in tumor formation.

-

The structure of the care dornain of the pS3
protein [light blue) bound to DHA (dark blue)
The six rmost frequertly rmutated arino acids
in hurnan cancers are shown in yellow - all
are residues importart for pS2 binding to
DHA. Red ball: zine atorn, [Reproduced from
Cha, ., et al. [1994) Science, 265, 346-353,
with kind perrizsion, ]
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Pancreatic cancer

The pancreas is responsible for producing the hor- Likewise, homozygous Smad4 mutant mouse
mone insulin, along with other substances. It also embryos die before embryonic day 7.5, and have
plays a key role in the digestion of protein. There reduced size because of reduced cell proliferation.
were an estimated 27,000 new cases of pancreatic Research on these model organisms should help
cancer in the US in 1997, with 28,100 deaths from elucidate the role of Smad4 and related proteins in
the disease. humans.

About 90% of human pancreatic carcinomas
show a loss of part of chromosome 18. In 1996, a
possible tumor suppressor gene, DPC4 (Smad4),
was discovered from the section that is lost in pan-
creatic cancer, so may play a role in pancreatic
cancer. There is a whole family of Smad proteins in
vertebrates, all involved in signal transduction of
transforming growth factor B (TGFp) related path-

ways. Other tumor suppressor genes include p53

and Rb, which, if mutated or absent from the Loss of DPC4 (Srnad4) gene
. . causes pancreatic cancers to

genome can contribute to cancerous growth Ina grow aggressively, as seen

. fti by turmor cells invading a

variety of tissues. nerve bundle. [Image credit:
. R.H. Hruban, Johnz Hopkins

DPC4 (Smad4) homologs exist in the worm Uiniversite, Baitimore, MO,

(Caenorhabditis elegans), mouse and the fly USA, Reprinted from SCIEMCE,

with perrnizzion, ]
(Drosophila). In Drosophila, when the gene is not

present, there a number of developmental defects.
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Polycystic kidney disease

Cancers

Adult polycystic kidney disease (APKD) is character-
ized by large cysts in one or both kidneys and a
gradual loss of normal kidney tissue which can lead
to chronic renal failure. The role of the kidneys in the
body is to filter the blood, excreting the end-products
of metabolism in the form of urine and regulating the
concentrations of hydrogen, sodium, potassium,
phosphate and other ions in the extracellular fluid.

In 1994 the European Polycystic Kidney Disease
Consortium isolated a gene from chromosome 16
that was disrupted in a family with APCD. The pro-
tein encoded by the PKD1 gene is an integral mem-
brane protein involved in cell-cell interactions and
cell-matrix interactions. The role of PKD1 in the
normal cell may be linked to microtubule-mediated
functions, such as the placement of Na(+), K(+)-
ATPase ion pumps in the membrane. Programmed
cell death, or apoptosis, may also be invoked in
APKD. Further clarification of the pathogenesis of
the disease await further research.

Important Links

The so-called 'cpk mouse' is a well known model
for the human disease. Studying the molecular basis
of the disease in the mouse is expected to provide a
better understanding of the human disease, and is
hoped to lead to more effective therapies.

Cortrast-enhanced abdominal cormputed
tomography showing kidneys (arrow =] cortaining
nurnerous cyskic masses, [Feproduced with
permission frorm Fred, H.L, and Siddique, L
{1995) Mew Eng. J. Med. 333, 31]
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Prostate cancer

Cancers

The second leading cause of cancer death in Ameri-
can men, prostate cancer will be diagnosed in an
estimated 184,500 American men in 1998 and will
claim the lives of an estimated 39,200. Prostate can-
cer mortality rates are more than two times higher
for African-American men than white men. The inci-
dence of prostate cancer increases with age; more
than 75% of all prostate cancers are diagnosed in
men over age 65.

Despite the high prevalence of prostate cancer,
little is known about the genetic predisposition of
some men to the disease. Numerous studies point to
a family history being a major risk factor, which may
be responsible for an estimated 5-10% of all prostate
cancers.

One of the most promising recent breakthroughs
may be the discovery of a susceptibility locus for
prostate cancer on chromosome 1, called HPC1,
which may account for about 1 in 500 cases of
prostate cancer. The next step will be to clone the
gene. Once researchers have the sequence, they
will be able to search the databases to compare the

Important Links

HPC1 sequence to previously characterized proteins
from both humans and other animals. This should
provide clues as to the function of HPCL1 in the cell,
and suggest potential starting points to find drug
targets.

Py

D B4 D62 Dx 60

Dx 67 65 69 Dx@7 D 65 D B0

Hereditary progtate cancer (HP C)acoounts for about 10%
of all prostate cancer, and HPC iz edimated to s ccount
for approximately 34% oftheze hereditary cazes.

Background: histological sedion of a pateint with HP C.
Foreground: pedigree of a typical family demonstrating
multiple affected individual s (sold boxes) whose diseaze
linkstothe HPC1 region on chromosome 1.

[With thanks to Jeffrey Trert and colleague s, NIHGE, MIH
for supplying the image.]
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Harvey Ras oncogene

Cancers

Cancer occurs when the growth and differentiation of
cells in a body tissue become uncontrolled and
deranged. While no two cancers are genetically
identical (even in the same tissue type), there are
relatively few ways in which normal cell growth can
go wrong. One of these is to make a gene that stimu-
lates cell growth hyperactive; this altered gene is
known as an '‘oncogene’.

Ras is one such oncogene product that is found
on chromosome 11. It is found in normal cells, where
it helps to relay signals by acting as a switch. When
receptors on the cell surface are stimulated (by a
hormone, for example), Ras is switched on and
transduces signals that tell the cell to grow. If the
cell-surface receptor is not stimulated, Ras is not
activated and so the pathway that results in cell
growth is not initiated. In about 30% of human can-
cers, Ras is mutated so that it is permanently
switched on, telling the cell to grow regardless of
whether receptors on the cell surface are activated
or not.

Usually, a single oncogene is not enough to turn
a normal cell into a cancer cell, and many mutations
in a number of different genes may be required to

Important Links

make a cell cancerous. To help unravel the intricate
network of events that lead to cancer, mice are
being used to model the human disease, which will
further our understanding and help to identify possi-
ble targets for new drugs and therapies.

The three-dirnensional struckure of Ras
protein, Many of the rutations of Ras
observed in hurnan cancers have been
pim-poirted and rnapped onto this
structure, [Irnage credit: Mark Boguski,
MCZBI, NIH, Bethesda, USA,]
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Retinoblastoma

Cancers

Retinoblastoma occurs in early childhood and affects
about 1 child in 20,000. The tumor develops from the
immature retina - the part of the eye responsible for
detecting light and color. There are both hereditary
and non-hereditary forms of retinoblastoma. IN the
hereditary form, multiple tumors are found in both
eyes, while in the non-hereditary form only one eye
is effected and by only one tumor.

In the hereditary form, a gene called Rb is lost
from chromosome 13. Since the absence of Rb
seemed to be linked to retinoblastoma, it has been
suggested that the role of Rb in normal cells is to
suppress tumor formation. Rb is found in all cells of
the body, where under normal conditions it acts as a
brake on the cell division cycle by preventing certain
regulatory proteins from triggering DNA replication. If
Rb is missing, a cell can replicate itself over and
over in an uncontrolled manner, resulting in tumor
formation.

Untreated, retinoblastoma is almost uniformly
fatal, but with early diagnosis and modern methods
of treatment the survival rate is over 90%. Since the

Important Links

Rb gene is found in all cell types, studying the
molecular mechanism of tumor suppression by Rb
will give insight into the progression of many types of
cancer, not just retinoblastoma.

Canservation

A complex of retinoblastorna
protein (RB) with E7 - 2 wiral
oncoprotein that frequently binds
to RB and blocks its funckion in
cervical cancer, The degree of
green calar show = the conszeryation
of arnino acids in RE and related
praoteins, [Reproduced from

Les, 1-2n, Russo, AA, and
Pavletich, M.P. [1993) Mature 391,
259-865, with perrnizzion. ]
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Tuberous sclerosis

Tuberous sclerosis is an hereditary disorder charac- SC1 has a homolog in yeast, which provides a
terized by benign, tumor-like nodules of the brain system in which to model the human disease.
and/or retinas, skin lesions, seizures and/or mental
retardation. Patients may experience a few or all of
the symptoms with varying degrees of severity.

Two loci for tuberous sclerosis have been found:
TSC1 on chromosome 9, and TSC2 on chromosome
16. It took four years to pin down a specific gene
from the TSC1 region of chromosome 9: in 1997, a
promising candidate was found. Called hamartin by

the discoverers, it is similar to a yeast protein of

. Microscopic section of angio-
unknown function, and appears to act as a tumor myoliporna, a benign turnor

of the kidney presert in
rnany patierts with tuberous

suppressor: without TSC1, growth of cells proceeds

in an unregul fashion, resulting in tumor forma- sclerosis, [Image credit:

an unregulated fashion, resulting in tumor forma Mavra Srnith, Johns Hopkins

tion. TSC2 codes for a protein called tuberin, which, Univeirsitw Baltirmore, MO,
LIS A,

through database searches, was found to have a

region of homology to a protein found in pathways
that regulate the cell (GAP3, a GTPase-activation
protein).
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Von Hippel-Lindau syndrome

Cancers

Von Hippel-Lindau syndrome is an inherited multi-
system disorder characterized by abnormal growth
of blood vessels. While blood vessels normally grow
like trees, in people with VHL little knots of blood
capillaries sometimes occur. These knots are called
angiomas or hemangioblastomas. Growths may
develop in the retina, certain areas of the brain, the
spinal cord, the adrenal glands and other parts of the
body.

The gene for Von-Hippel Lindau disease (VHL)
is found on chromosome 3, and is inherited in a
dominant fashion. If one parent has a dominant
gene, each child has a 50-50 chance of inheriting
that gene. The VHL gene is a tumor suppressor
gene. This means that its role in a normal cell is to
stop uncontrolled growth and proliferation. If the
gene is lost or mutated, then its inhibitory effect on
cell growth is lost or diminished, which, in combina-
tion with defects in other regulatory proteins, can
lead to cancerous growth. Like the Rb tumor sup-
pressor gene, VHL seems to act as a 'gatekeeper’ to
the multistep process of tumorigenesis.

Although unrelated to any other known family of
human proteins, homologs to human VHL are found
in mice and rats. Experiments using these animals

Important Links

as model organisms for the human disease are help-
ing researchers discover the normal physiological
role of VHL, which will shed light on its mechanism
of pathogenesis. Initial results suggest that VHL may
play a role in regulating exit form the cell cycle.

Microscopic section of hem-
angioblastorna, a turnor of the
cerebellurn characteriztically
found in patierts with von
Hippel-Lindau diseasze, [Image
credit: Kewin Roth and Robert
Schrnidt, Washington University,
St Louis, MO, USA, ]
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The Digestive System
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The human digestive system.

Digestion is the process of turning food into fuel for energy, and for maintenance of the body
structure. The digestive tract is a series of hollow organs joined in a long, twisting tube from the
mouth to the anus. Inside this tube is a lining called the mucosa. In the mouth, stomach, and small
intestine, the mucosa contains tiny glands that produce enzymes to help digest food. There are also
two solid digestive organs, the liver and the pancreas, which produce enzymes that reach the
intestine through small tubes.

During the digestive process, food passes down the throat, through the esophagus, and into the
stomach, where food continues to be broken down. The patrtially digested food passes into a short
tube called the duodenum — the first part of the small intestine. The jejunum and ileum are also
part of the small intestine. The liver, the gallbladder, and the pancreas produce enzymes and
substances to help with digestion in the small intestine. After the digestive process is complete, the



Genes and Disease The Digestive System

resulting waste travels downstream to the colon. The colon and rectum are parts of the body's
digestive system, which removes nutrients from food and stores waste until it passes out of the
body. Together, the colon and rectum form a long, muscular tube called the large intestine.

The health of your digestive system has a lot to do with lifestyle — the food you eat, the amount
of exercise you get, and the pace and stress level of your day. However, some digestive diseases,
such as those discussed here, are thought to be hereditary or stem from an infection. For others,
there is no known cause.
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Colon cancer

The Digestive System

The American Cancer Society estimates that there
will be 93,800 new cases of colon cancer diagnosed
in the US in 2000, with 47,700 resulting deaths. All
kinds of cancer occur when cell division, normally a
very highly regulated process, gets out of control.
While environmental factors can certainly contribute
to a person's risk of cancer (e.g. smoking, diet, and
exercise), most cancers have a genetic basis too.
Literally hundreds of genes and proteins are
involved in monitoring the process of cell division
and DNA replication; a mutation in one or more of
these genes or proteins can sometimes lead to
uncontrolled cancerous growth.

Colon cancer is one of the most common inher-
ited cancer syndromes known. Among the genes
found to be involved in colorectal cancer are: MSH2
and MSH6 both on chromosome 2 and MLH1, on
chromosome 3. Normally, the protein products of
these genes help to repair mistakes made in DNA
replication. If the MSH2, MSH6, and MLHL1 proteins
are mutated and therefore don't work properly, the
replication mistakes are not repaired, leading to
damaged DNA and, in this case, colon cancer.

Important Links

It is not clear why mutations in genes that are
essential in all tissues preferentially cause cancer in
the colon. However, studies on the equivalent genes
in mice and brewer's yeast are helping to further our
understanding of the mechanisms of DNA repair and
the role that environmental factors might play in
colon cancer incidence.
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Crohn's disease

The Digestive System

Inflammatory bowel disease (IBD) is a group of
chronic disorders that causes inflammation or ulcera-
tion in the small and large intestines. Most often, IBD
is classified either as ulcerative colitis or Crohn's
disease. While ulcerative colitis affects the inner lin-
ing of the colon and rectum, Crohn's disease
extends into the deeper layers of the intestinal wall.
It is a chronic condition and may recur at various
times over a lifetime.

About 20% of cases of Crohn's disease appear
to run in families. It is a "complex trait," which means
that several genes at different locations in the
genome may contribute to the disease. A susceptibil-
ity locus for the disease was recently mapped to
chromosome 16. Candidate genes found in this
region include several involved in the inflamatory
response, including: CD19, involved in B-lymphocyte
function; sialophorin, involved in leukocyte adhesion;
the CD11 integrin cluster, involved in microbacterial
cell adhesion; and the interleukin-4 receptor, which
is interesting, as IL-4-mediated functions are altered
in IBDs.

Important Links

Because some of the genetic factors involved in
Crohn's disease may also contribute to ulcerative
colitis susceptibility, research into Crohn's disease
may assist in further understanding both types of
IBD.
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Cystic fibrosis

The Digestive System

Cystic fibrosis (CF) is the most common fatal genetic
disease in the United States today. It causes the
body to produce a thick, sticky mucus that clogs the
lungs, leading to infection, and blocks the pancreas,
stopping digestive enzymes from reaching the
intestines where they are required to digest food.

CF is caused hy a defective gene, which codes
for a chloride transporter found on the surface of the
epithelial cells that line the lungs and other organs.
Several hundred mutations have been found in this
gene, all of which result in defective transport of
chloride, and secondarily sodium, by epithelial cells.
As a result, the amount of sodium chloride (salt) is
increased in bodily secretions. The severity of the
disease symptoms of CF is directly related to the
characteristic effects of the particular mutation(s)
that have been inherited by the sufferer.

CF research has accelerated sharply since the
discovery of CFTR in 1989. In 1990, scientists suc-
cessfully cloned the normal gene and added it to CF
cells in the laboratory, which corrected the defective
chloride transport mechanism. This technigue—gene

Important Links

therapy—was then tried on a limited number of CF
patients. However, this treatment may not be as
successful as originally hoped. Further research will
be required before gene therapy, and other experi-
mental treatments, prove useful in combating CF.

Building mouse models of
human dizease. Expression
of 3 human cystic fibrosis
[CFTR) gene inthe gut of 3
mouse. A human antisense
probewas used toshonw
human CFTR expressedin
the mouse duodenum.
[Reproduced with permission
from bdanson, AL et al
(1997 EMBO J. 15, 42535-4248 ]
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Diabetes, type 1

The Digestive System

Diabetes is a chronic metabolic disorder that
adversely affects the body's ability to manufacture
and use insulin, a hormone necessary for the con-
version of food into energy. The disease greatly
increases the risk of blindness, heart disease, kidney
failure, neurological disease, and other conditions for
the approximately 16 million Americans who are
affected by it. Type 1, or juvenile onset diabetes, is
the more severe form of the illness.

Type 1 diabetes is what is known as a 'complex
trait', which means that mutations in several genes
likely contribute to the disease. For example, it is
now known that the insulin-dependent diabetes mel-
litus (IDDM1) locus on chromosome 6 may harbor at
least one susceptibility gene for Type 1 diabetes.
Exactly how a mutation at this locus adds to patient
risk is not clear, although a gene maps to the region
of chromosome 6 that also has genes for antigens
(the molecules that normally tell the immune system
not to attack itself). In Type 1 diabetes, the body's
immune system mounts an immunological assault
on its own insulin and the pancreatic cells that manu-
facture it. However, the mechanism of how this
happens is not yet understood.

About 10 loci in the human genome have now
been found that seem to confer susceptibility to Type
1 diabetes. Among these are 1) a gene at the locus

Important Links

IDDM2 on chromosome 11 and 2) the gene for glu-
cokinase (GCK), an enzyme that is key to glucose
metabolism which helps modulate insulin secretion,
on chromosome 7.

Conscientious patient care and daily insulin
dosages can keep patients comparatively healthy.
But in order to prevent the immunoresponses that
often cause diabetes, we will need to experiment
further with mouse models of the disease and
advance our understanding of how genes on other
chromosomes might add to a patient's risk of dia-
betes.

T lyrmphocytes attacking
insulin-praoducing

pancreatic islet cellz. [Irnage
credit: A, Cooke and John
Todd, Wellcorme Trust Certer
for Human Genetics, Oxford,
UK. ]

Gene sequence
Genome view see gene locations
LocusLink collection of gene-related information

BLink [www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4503951&org=1] related sequences in different organisms

The literature
Research articles online full text
Books online books section
OMIM catalog of human genes and disorders

Websites

Patient information on diabetes [www.niddk.nih.gov/health/diabetes/diabetes.htm] from the National Institute of Diabetes and

Digestive and Kidney Diseases, NIH

Juvenile Diabetes Research Foundation International [http://www.jdf.org/] 'dedicated to finding a cure'

American Diabetes Association [www.diabetes.org/default.htm] research and information


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=diabetes+NOT+morbid
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=gene&details_term=diabetes&ORG=Hs&V=0
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4503951&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=diabetes%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=diabetes
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=diabetes
http://www.niddk.nih.gov/health/diabetes/diabetes.htm
http://www.jdf.org/
http://www.diabetes.org/default.htm

Genes and Disease

Glucose galactose malabsorption

The Digestive System

Glucose Galactose Malabsorption (GGM) is a rare
metabolic disorder caused by a defect in glucose
and galactose transport across the intestinal lining.
GGM is characterized by severe diarrhea and dehy-
dration as early as the first day of life and can result
in rapid death if lactose (milk sugar), sucrose (table
sugar), glucose, and galactose are not removed
from the diet. Half of the 200 severe GGM cases
found worldwide result from familial intermarriage. At
least 10% of the general population has glucose
intolerance, however, and it is possible that these
people may have milder forms of the disease.

GGM is an autosomal recessive disorder in
which affected individuals inherit two defective
copies of the SGLT1 gene, located on chromosome
22. Normally within the space enclosed by the small
intestine (called the lumen), lactose is broken down
into glucose and galactose by an enzyme called lac-
tase, while sucrose is broken down into glucose and
fructose by an enzyme called sucrase. The protein
product of SGLT1 then moves the glucose and the
galactose from the lumen of the small intestine into
intestinal cells. Usually the mutations carried by
GGM individuals result in nonfunctional truncated
SGLT1 proteins or in the improper placement of the
proteins such that they can not transport glucose
and galactose out of the intestinal lumen. The glu-
cose and galactose, if left untransported, draw water
out of the body into the intestinal lumen, resulting in
diarrhea.

Although no cure exists for GGM, patients can
control their symptoms (diarrhea) by removing lac-
tose, sucrose, and glucose from their diets. Infants

Important Links

showing a prenatal diagnosis of GGM will thrive on a
fructose-based replacement formula and will later
continue their "normal” physical development on a
fructose-based solid diet. Older children and adults
with severe GGM can also manage their symptoms
on a fructose-based diet and may show improved
glucose tolerance and even clinical remission as
they age.
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Pancreatic cancer

The pancreas is responsible for producing the hor- Likewise, homozygous Smad4 mutant mouse
mone insulin, along with other substances. It also embryos die before embryonic day 7.5, and have
plays a key role in the digestion of protein. There reduced size because of reduced cell proliferation.
were an estimated 27,000 new cases of pancreatic Research on these model organisms should help
cancer in the US in 1997, with 28,100 deaths from elucidate the role of Smad4 and related proteins in
the disease. humans.

About 90% of human pancreatic carcinomas
show a loss of part of chromosome 18. In 1996, a
possible tumor suppressor gene, DPC4 (Smad4),
was discovered from the section that is lost in pan-
creatic cancer, so may play a role in pancreatic
cancer. There is a whole family of Smad proteins in
vertebrates, all involved in signal transduction of
transforming growth factor B (TGFp) related path-

ways. Other tumor suppressor genes include p53

and Rb, which, if mutated or absent from the Loss of DPC4 (Srnad4) gene
. . causes pancreatic cancers to
genome can contribute to cancerous growth Ina grow aggressively, as seen
. . by turmor cells invading a
variety of tissues. nerve bundle. [Image credit:
DPC4 (Smad4) homologs exist in the worm By Hbib e ohns H opiifis

University, Baltirnore, MD,

(Caenorhabditis elegans), mouse and the fly USA, Reprinted from SCIEMCE,
. . ] with perrmizsion ]
(Drosophila). In Drosophila, when the gene is not

present, there a number of developmental defects.
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Wilson's disease

The Digestive System

Wilson's Disease is a rare autosomal recessive dis-
order of copper transport, resulting in copper accu-
mulation and toxicity to the liver and brain. Liver
disease is the most common symptom in children;
neurological disease is most common in young
adults. The cornea of the eye can also be affected:
the 'Kayser-Fleischer ring' is a deep copper-colored
ring at the periphery of the cornea, and is thought to
represent copper deposits.

The gene for Wilson's disease (ATP7B) was
mapped to chromosome 13. The sequence of the

gene was found to be similar to sections of the gene

defective in Menkes disease, another disease
caused by defects in copper transport. The similar
sequences code for copper-binding regions, which
are part of a transmembrane pump called a P-type
ATPase that is very similar to the Menkes disease
protein.

A homolog to the human ATP7B gene has been

mapped to mouse chromosome 8, and an authentic
model of the human disease in rat is also available

Important Links

(called the Long-Evans Cinnamon [LEC][ rat). These
systems will be useful for studying copper transport
and liver pathophysiology, and should help in the
development of a therapy for Wilson disease.

In Wilzon's disease, toxic
levels of copper accurnul ate
and darmage many tissues
and organs, including the
basal ganglia of the brain,
[Irmage credit: Kevin Roth
and Robert Schrnidt,
Washington University,

St Louis, MO, USA, ]
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Zellweger syndrome

The Digestive System

Zellweger syndrome is a rare hereditary disorder
affecting infants, and usually results in death.
Unusual problems in prenatal development, an
enlarged liver, high levels of iron and copper in the
blood, and vision disturbances are among the major
manifestations of Zellweger syndrome.

The PXR1 gene has been mapped to chromo-
some 12; mutations in this gene cause Zellweger
syndrome. The PXR1 gene product is a receptor
found on the surface of peroxisomes - microbodies
found in animal cells, especially liver, kidney and
brain cells. The function of peroxisomes is not fully
understood, although the enzymes they contain
carry out a number of metabolically important reac-
tions. The PXR1 receptor is vital for the import of
these enzymes into the peroxisomes: without it func-
tioning properly, the peroxisomes can not use the
enzymes to carry out their important functions, such
as cellular lipid metabolism and metabolic oxida-
tions.

There is a yeast homolog to human PXR1,
which should allow powerful molecular genetic tech-
nigues to be used in the investigation of the normal
role of peroxisomes in cells, as well as the molecular
events that occur in disease states.

Important Links

Peroxisornes are not detected
in Zellweager syndrome
fibroblasts (a), but can be
reconstituted by transfection
with PXR1 gene [b). [Irmage
credit: Mancy Braverran,
Gabrielle Dodt, Hugao Maser,
Stephen Gould and David WValle,
Johns Hopkins UMiversity,
Baltimare, MO, USA,
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Ear, Nose, and Throat
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Ear, Nose, and Throat

Within the structures of the ear, nose and throat are complex and interrelated mechanisms that

allow a person to make sound, hear, maintain balance, smell, breathe, and swallow. Traditionally,
treatment of the ear — otology — was associated with that of the eye in medical practice. With the
development of laryngology — the study of the throat — in the late 19th century, the connection
between the ear and throat became known. Thus the birth of a discipline called otolaryngology.

Many people associate otolaryngologists with the treatment of ear infections, hearing loss and
sinus problems. Otolaryngology actually encompasses the treatment of many diverse conditions,
including: dizziness, facial plastic and reconstructive surgery, head and neck cancer, hearing loss,

problems of the larynx and sinus, difficulties swallowing, tumors of the auditory nerve, and voice

production.
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When diagnosing ear, nose, and throat disorders, it is important to differentiate genetic
disorders from those due to environmental influences. This is often difficult as similar clinical
features may be produced by different environmental factors or by different genes or groups of

genes.
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Deafness

Ear, Nose, and Throat

Hearing loss is extremely common and can present
at any time from infancy to old age. About 1 in 1000
infants has profound hearing impairment, with half
thought to be of genetic origin. Many deafness
genes exist, but the most common cause of hearing
loss in American and European populations is a
mutation in the connexin 26 (Cx26) gene. Cx26 has
a carrier rate of 3%, similar to that for cystic fibrosis,
and it causes about 20% of childhood deafness.
Mutations in Cx26 cause congenital syndromic
and nonsyndromic deafness—that is, the deafness
is not accompanied by other symptoms, such as
blindness. Cx26 is located on chromosome 13q11-
12 and codes for a gap junction protein called con-
nexin 26. Gap junctions are plasma membrane
channels that allow the movement of small
molecules and ions between adjacent cells. Gap

junctions of the inner ear may play a role in maintain-

ing potassium homeostasis, which is important for
inner-ear function and, thus, hearing. It has been
proposed that mutations in Cx26 may disrupt potas-
sium circulation and result in deafness.

Important Links

The discovery that Cx26 mutations are a cause
of congenital hearing loss can help in the early diag-
nosis of hearing impairment. Early identification and
management of deafness is important for the devel-
opment of language and social skills.
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NIDCD [http://www.nidcd.nih.gov/] National Institute on Deafness and Other Communication Disorders
Info to Go [clerccenter.gallaudet.edu/InfoToGo/index.html] from Gallaudet University
GeneClinics [www.geneclinics.org/profiles/dfnb1/] a medical genetics resource

MEDLINEplus [www.nIm.nih.gov/medlineplus/hearingdisordersdeafness.html] links compiled by the National Library of Medicine


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=GJB2
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=2706
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=6980948&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=deafness%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=deafness
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=connexin%20AND%20deafness
http://www.nidcd.nih.gov/
http://www.geneclinics.org/profiles/dfnb1/
http://www.nlm.nih.gov/medlineplus/hearingdisordersdeafness.html
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Neurofibromatosis

Ear, Nose, and Throat

Neurofibromatosis, type 2, (NF-2) is a rare inherited
disorder characterized by the development of benign

tumors on both auditory nerves (acoustic neuromas).

The disease is also characterized by the develop-
ment of malignant central nervous system tumors as
well.

The NF2 gene has been mapped to chromo-
some 22 and is thought to be a so-called 'tumor-
suppressor gene'. Like other tumor suppressor
genes (such as p53 and Rb), the normal function of
NF2 is to act as a brake on cell growth and division,
ensuring that cells do not divide uncontrollably, as
they do in tumors. A mutation in NF2 impairs its
function, and accounts for the clinical symptoms
observed in neurofibromatosis sufferers. NF-2 is an
autosomal dominant genetic trait, meaning it affects
both genders equally and that each child of an
affected parent has a 50% chance of inheriting the
gene.

We are learning more about the function of the
NF2 gene through studies of families with neurofi-
bromatosis type 2 and through work in model organ-

Important Links

isms, particularly mice. The exact molecular function
of NF2 in the cell is still unknown, although the pro-
tein is similar to the ERM family of cytoskeleton-
membrane linker proteins. Further work on the
binding partners of NF2 would help to identify poten-
tial specific targets for future drug therapies.

Microscopic section of 2
zchw annorna, a turnor
cornrmonly found in patierts
with MF-2, [Irmage credit: K.
Roth and Robert Schrnidt,
Washington University, St
Louis, MO, USA,]

Gene sequence
Genome view see gene locations
Entrez Gene collection of gene-related information

BLink [www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4557793&org=1] related sequences in different organisms

The literature
Research articles online full text
Books online books section
OMIM catalog of human genes and disorders


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=neurofibromatosis
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=4771
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4557793&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=neurofibromatosis%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=neurofibromatosis
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=101000
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Pendred syndrome

Ear, Nose, and Throat

Pendred syndrome is an inherited disorder that
accounts for as much as 10% of hereditary deaf-
ness. Patients usually also suffer from thyroid goiter.
The recent discovery of the gene for Pendred syn-
drome illuminates a disorder that has confounded
scientists for more than a century.

In December of 1997, scientists at NIH's
National Human Genome Research Institute used
the physical map of human chromosome 7 to help
identify an altered gene, PDS, thought to cause
pendred syndrome. The normal gene makes a pro-
tein, called pendrin, that is found at significant levels
only in the thyroid and is closely related to a number
of sulfate transporters. When the gene for this pro-
tein is mutated, the person carrying it will exhibit the
symptoms of Pendred syndrome.

Because goiter is not always found in Pendred
syndrome patients, it is possible that a defective
pendrin gene will turn out to be responsible for some

Important Links

cases of deafness that had not previously been
attributed to this disorder. The discovery of pendrin
should also stimulate new angles of research into
thyroid physiology and the role of altered sulfur
transport in human disease.
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on the predicted amino acid sequence, The
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pendred syndrorne patierts are shown in red
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Research News [www.nhgri.nih.gov/NEWS/Pendred/] from the National Human Genome Research Institute, NIH

GeneClinics [www.geneclinics.org/profiles/pendred/] a medical genetics resource


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=pendred%20OR%20PDS
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=5172
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4505697&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=pendred%20OR%20PDS%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=pendred%20OR%20PDS
http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=274600
http://www.nhgri.nih.gov/NEWS/Pendred/
http://www.geneclinics.org/profiles/pendred/
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Diseases of the Eye

In the eye, light enters the pupil, Is focused and
inverted by tha carnea and lens, and then is
projected onto the retina at the back of the eye.
The retina consists of several layers of cells, shown
above. The anly light-sensitive step during wisian
takes place In the puter segment of photoreceptar
cells, and Is catalysed by the molecule rhodopsin.
Light cawses rhodopsin te change shape, which
then I:Hgﬂers a signal to be sent through the layers
of calls that make up the retina, resulting in a
neural slgnal te the brain. (Adapted from

Gebhard Schertler's web page, MRC-LMB,
Cambridge, UE, with permission.}

The function of our eyes is to allow us to see the objects in our surroundings at variable distances
and under various conditions of lights. This function is achieved by a very complex arrangement of
layers and structures found in the eye. In addition, two pockets of transparent fluid — the aqueous
and vitreous humors — nourish eye tissues and help maintain constant eye shape.

The eye is comprised of three layers: an outer protective white coating called the sclera; a
middle layer (choroid) containing blood vessels which nourish the eye; and an inner layer (retina)
which contains the nerves that bear information to the brain for processing.
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The cornea is the clear portion found at the front of the eye and serves to bend light rays. The
iris, an extension of the choroid, is the colored portion of the eye and is made up of a spongy tissue.
The pupil (black) is an opening in the iris that allows light into the eye. The lens then helps focus the
light rays onto photoreceptors, which absorb and convert the light into electrical signals that carry
information. The optic nerve contains fibers that transmit these signals to the brain for interpretation
of the objects seen.

With the recent advances in molecular genetic technigues, new genes that cause eye disease
are rapidly being identified, such as for those diseases discussed here. In many instances, these
findings allow researchers to develop innovative strategies for preventing or slowing the progress of
genetic eye diseases.
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Best disease

Diseases of the Eye

Best disease, also known as Vitelliform Macular Dys-
trophy type 2 (VMD2), is a heritable disorder occur-
ring primarily in European Caucasians. Individuals
with Best disease generally show a gradual loss of
visual acuity starting in their teenage years, although
the frequency with which an affected individual may
show symptoms and the severity of those symptoms
are highly variable.

Best disease is autosomal dominant; in other
words, a mutation in only one copy of the VMD2
gene located on chromosome 11 may result in
development of the disease. Prior to their vision loss,
individuals with Best disease accumulate a mass of
fat-like material that resembles an egg yolk (vitelline
is a word that means yolk-like) in the area of the
retina responsible for central vision. Surprisingly, it is
the breakup of this mass rather than its formation
that is associated with the gradual vision loss char-
acteristic of Best disease.

Little is known about the protein product of the
VMD2 gene, although its function seems to be
restricted to an area of the eye known as the retinal

Important Links

pigment epithelium. There is speculation that the
protein encoded by VMD2 may be involved in the
removal and/or processing of photoreceptor compo-
nents. Determination of the VMD2 protein function
and development of an animal model will be the next
crucial steps toward a better understanding of Best
disease.

Photograph of an eye from a patient
with Best disease. Note the mass of
lipid-like material in the macular
region.

[Reproduced from Marguardt, A et &l
{1988) Human Molacular Genalics
T(9) 1517-25, with permission.
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Foundation Fighting Blindness [www.blindness.org/] searching for treatments and cures for retinal degenerative diseases


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=Vitelliform%20Macular%20Dystrophy
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=7439
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4759310&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=Vitelliform%20Macular%20Dystrophy%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=Vitelliform%20Macular%20Dystrophy
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=153700
http://www.blindness.org/
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Glaucoma

Diseases of the Eye

"Glaucoma" is a term used for a group of diseases
that can lead to damage to the eye's optic nerve and
result in blindness. The most common form of the
disease is open-angle glaucoma, which affects
about 3 million Americans, half of whom don't know
they have it. Glaucoma has no symptoms at first but
over the years can steal its victims' sight, with side
vision being affected first.

It is estimated that nearly 100,000 individuals in
the US suffer from glaucoma due to a mutation in
the GLC1A gene, found on chromosome 1. There
has been some speculation as to the role of the
gene product in the eye. As it is found in the struc-
tures of the eye involved in pressure regulation, it
may cause increased pressure in the eye by
obstructing the aqueous outflow.

With early treatment, serious loss of vision and
blindness can be prevented. The cloning of the
GLCA1 gene is the first step toward an understand-

Important Links

ing of the pathology of glaucoma at the molecular
level and may help in the development of tests for
the early detection of the disease, as well as provid-
ing a basis for research into effective therapies.

Anterior
Chamber

Ciagram of the eye
showing how pressure
can build in the arterior
charnber [behind the
lens) in open angle
glaucara, [Image
credit: The Mational
Eve Institute, HIH.]
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Fact sheet [http://www.nei.nih.gov/health/glaucoma/glaucoma_facts.htm] for patients and the public from the National Eye Institute,

NIH

The Glaucoma Foundation [www.glaucoma-foundation.org/info/] an international not-for-profit organization

The Glaucoma Research Foundation [www.glaucoma.org/] a US national not-for-profit organization


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=glaucoma
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=4653
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=455777&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=glaucoma%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=glaucoma
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=137750
http://www.nei.nih.gov/health/glaucoma/glaucoma_facts.htm
http://www.glaucoma-foundation.org/info/
http://www.glaucoma.org/
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Diseases of the Eye

Gyrate atrophy of the choroid and retina

People suffering from gyrate atrophy of the choroid
(the thin coating of the eye) and retina face a pro-
gressive loss of vision, with total blindness usually
occurring between the ages of 40 and 60. The dis-
ease is an inborn error of metabolism.

The gene whose mutation causes gyrate atrophy
is found on chromosome 10, and encodes an
enzyme called ornithine ketoacid aminotransferase
(OAT). Different inherited mutations in OAT cause
differences in the severity of symptoms of the dis-
ease. OAT converts the amino acid ornithine from
the urea cycle ultimately into glutamate. In gyrate
atrophy, where OAT function is affected, there is an
increase in plasma levels of ornithine.

It is already known that reduction of the amino
acid arginine in the diet has a salutary effect on most
patients. Current lines of research into the disease
include: (1) investigating how variant mutations of
the alleles (versions of the gene inherited) interact in

Important Links

order to cause the differing symptoms of the disease
and (2) work on mouse models of the disease is fur-
thering our understanding, which is hoped will lead
to a true cure.

The retina of a patiert with gyrate atrophy
of the choroidand retina of the eve caused
by ormithine arminotransferase [(QAT)
deficiency, [Image credit: Muriel
K.aiser-Kupfer, MEI, MIH, Bethesda, MD, USA
and David Walle, Johns Hopkins University,
Baltirmaore, MO, USA,]
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Eye News Online [www.eye-news.com/vol3_6.dir/review/16rev3_5l.htm] containing information on gyrate atrophy

The National Eye Institute [www.nei.nih.gov/] research and information


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=gyrate+atrophy
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=4942
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4557809&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=gyrate+atrophy%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=gyrate+atrophy
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=258870
http://www.eye-news.com/vol3_6.dir/review/16rev3_5l.htm
http://www.nei.nih.gov/
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Retinoblastoma

Diseases of the Eye

Retinoblastoma occurs in early childhood and affects
about 1 child in 20,000. The tumor develops from the
immature retina - the part of the eye responsible for
detecting light and color. There are both hereditary
and non-hereditary forms of retinoblastoma. IN the
hereditary form, multiple tumors are found in both
eyes, while in the non-hereditary form only one eye
is effected and by only one tumor.

In the hereditary form, a gene called Rb is lost
from chromosome 13. Since the absence of Rb
seemed to be linked to retinoblastoma, it has been
suggested that the role of Rb in normal cells is to
suppress tumor formation. Rb is found in all cells of
the body, where under normal conditions it acts as a
brake on the cell division cycle by preventing certain
regulatory proteins from triggering DNA replication. If
Rb is missing, a cell can replicate itself over and
over in an uncontrolled manner, resulting in tumor
formation.

Untreated, retinoblastoma is almost uniformly
fatal, but with early diagnosis and modern methods
of treatment the survival rate is over 90%. Since the

Important Links

Rb gene is found in all cell types, studying the
molecular mechanism of tumor suppression by Rb
will give insight into the progression of many types of
cancer, not just retinoblastoma.

Canservation

A complex of retinoblastorna
protein (RB) with E7 - 2 wiral
oncoprotein that frequently binds
to RB and blocks its funckion in
cervical cancer, The degree of
green calar show = the conszeryation
of arnino acids in RE and related
praoteins, [Reproduced from

Les, 1-2n, Russo, AA, and
Pavletich, M.P. [1993) Mature 391,
259-865, with perrnizzion. ]
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The National Eye Institute, NIH [www.nei.nih.gov/] research and patient information


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=retinoblastoma
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=5925
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4506435&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=retinoblastoma%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=retinoblastoma
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=180200
http://www.nei.nih.gov/
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Female-Specific Diseases

Axial wiew of wisible woman. (From the Wisikle Human
Broject, Matlional Library of Medicine.}

Biomedical research has demonstrated biological differences between females and males in
virtually every organ and system of the body. Research has also revealed the genetic and
molecular basis of a number of gender-based differences in health and disease, some of which are
related to genotype — XX in the female and XY in the male.

These findings suggest that there are multiple differences in the basic cellular biochemistry of
males and females that can affect an individual's health. Many of these differences do not arise
from differences in the hormonal regime to which males and females are exposed, but are a direct
result of the genetic differences between the two sexes.

Further studies on the relative roles of the sex chromosome genes is likely to illuminate the
reasons for expression of some diseases within and between the sexes. Understanding the bases
of these gender-based differences is also important for the development of new approaches to
disease prevention, diagnosis, and treatment.
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Breast and ovarian cancer

Female-Specific Diseases

Breast cancer is the second major cause of cancer
death in American women, with an estimated 44,190
lives lost (290 men and 43,900 women) in the US in
1997. While ovarian cancer accounts for fewer
deaths than breast cancer, it still represents 4% of
all female cancers. For some of the cases of both
types of cancer, there is also a clear genetic link.

In 1994, two breast cancer susceptibility genes
were identified: BRCA1 on chromosome 17 and
BRCA2 on chromosome 13. When an individual car-
ries a mutation in either BRCAL or BRCA2, they are
at an increased risk of being diagnosed with breast
or ovarian cancer at some point in their lives. Until
recently, it was not clear what the function of these
genes was, until studies on a related protein in yeast
revealed their normal role: they participate in repair-
ing radiation-induced breaks in double-stranded
DNA. It is though that mutations in BRCAL1 or
BRCAZ2 might disable this mechanism, leading to
more errors in DNA replication and ultimately to can-
cerous growth.

So far, the best opportunity to reduce mortality is
through early detection (general screening of the
population for BRCA1 and BRCAZ2 is not yet recom-
mended). However, new strategies to find anticancer
drugs are constantly being developed. The latest,
called "synthetic lethal screening" looks for new drug

Important Links

targets in organisms such as yeast and fruit flies. In
the same way that studies in yeast recently helped

to identify the functions of BRCA1 and BRCA2, it is
thought that drugs that work in more primative organ-
isms will also be applicable to humans.

"while we all work toward 2
cure, education, research and
increased access to treatment
rernain our best allies in the
fight against breast cancer”

Betty Ford, forrner breast
cancer patient and now an
activist on behalf of expanded
breast cancer research and
education,
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CancerNet [cancernet.nci.nih.gov/] from the National Cancer Institute, NIH

Oncolink [oncolink.upenn.edu/] comprehensive cancer information from the University of Pennsylvania

GeneReviews [www.geneclinics.org/profiles/brcal/index.html] a medical genetics resource


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=breast%20cancer
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=gene&details_term=%28%28BRCA%5BAll%20Fields%5D%20AND%20alive%5Bprop%5D%29%20AND%20%22Homo%20sapiens%22%5BOrganism%5D%29
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=6552299&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=breast%20cancer%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=breast%20cancer
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=114480
http://www.geneclinics.org/profiles/brca1/index.html
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Rett syndrome

Female-Specific Diseases

Rett syndrome (RTT) is a progressive neurodevel-
opmental disorder that almost exclusively affects
females. It has an incidence of about 1 in 10,000
births, making it one of the most common causes of
profound mental retardation in girls. Individuals with
RTT develop normally until the age of 6 to 18
months, when they begin to lose purposeful use of
their hands and speech. Affected individuals also
show reduced muscle tone, wringing hand move-
ments, autistic-like behavior and seizures.

A gene which causes RTT, MeCP2, has been
found on the long arm of chromosome X (Xq28).
Normally, females have two X chromosomes and
males have an X and a Y. Since males do not have
an additional copy of X to offset a defect, most X-
linked diseases affect males. Then, why are males
not affected by RTT? One possible explanation is
that the absence of a functional copy of MeCP2 is
lethal to the male fetus before birth. Researchers
have shown this to be the case in a mouse model.
Another question is why females are affected by
RTT, even though one of their X chromosomes is
normal. This is likely due to X inactivation, a normal
process whereby one X chromosome is randomly
inactivated in every cell. This partial deficiency -
where the normal copy of MeCP2 is active in some
cells and inactive in others - allows girls with RTT to
survive and develop normally during early infancy.

Important Links

MeCP2 is believed to code for a protein which
controls gene expression in the cell. Although it is
not clear what the mechanism is, partial loss of this
protein may lead to over expression of certain
genes, leading to the RTT phenotype. With the dis-
covery of MeCP2, investigators hope to develop a
test for RTT which will allow for early diagnosis, pre-
natal detection and, ultimately, presymptomatic
therapy.

5 ] 52
A) Pedigrea of half-sistars (51 and 52) with
Rett syndrome and their carrier mathar (M)
B) Conformation-sansitive gal
elactrophorasis (CSGE) shawing the same
axira band (arrows) in the DNA of bath
half-sesters, not present in their mathar (M)
Itis likaly that the mathar, who is normal,
transmitied the dissasa to har daughters
thraugh a germline mutation presant in her
avurmn, but not in the other cells of har bady.
[Adapted fram Amir, RLE. at al. (15899)
Nafure Genelics 23, 185 —188., with
parmission.]
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Glands and Hormones

A uls e ok o R
The pancreas produces the hormones
insulin, glucagon, and somatestatin, These
are made In groups of cells known as the
islets of Langerhans. One such islet |5
shown abave. The average human pancreas
has about ome millian Islets, which are each
composed of four cell typeas. In particular,
alpha cells produce glucagon and beta cells
produce Insulin, which together are
responsible for contraling sugar metabolism;
delta cells produce somatostatin, which
inhibits growth hermone, insulin, glucagon
and other physiologically impartant
compounds. (Repoduced from Brown
Medical Scheal Slide Callectian, with
permission.)

The endocrine system is a complex collection of hormone-producing glands that control basic body
functions such as metabolism, growth and sexual development. The endocrine glands consist of:
pineal; pituitary; thyroid and parathyroids; thymus; adrenals; pancreas; ovaries (female); and testes
(male).

Hormones are the chemical signaling molecules produced by the endocrine glands and
secreted directly into the bloodstream. They travel through the blood to distant tissues and organs,
where they can bind to specific cell sites called receptors. By binding to receptors, hormones trigger
various responses in the tissues containing the receptors.
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In addition to the classical endocrine organs, many other cells in the body secrete hormones.
Myocytes in the atria of the heart and scattered epithelial cells in the stomach and small intestine
are examples of what is sometimes called the "diffuse" endocrine system. If the term hormone is
defined broadly to include all secreted chemical messengers, then virtually all cells can be
considered part of the endocrine system.

Advances in molecular genetics have led to a greatly strengthened understanding of the
mechanisms of certain of the hereditary endocrine disorders. This section of genes and disease
focuses on disorders for which the primary gene defect has been characterized or recently
identified.
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Congenital adrenal hyperplasia (CAH) is a
genetic disease that affects the adrenal glands. The
production of several important hormones is
blocked.

One adrenal gland sits on top of each kidney.
The outer cortex of the gland secretes three types of
hormones that may be missing in CAH:

e Corticosteroids, such as cortisol, are important in
the body’s response to iliness or injury.

e Mineralocorticoids, such as aldosterone, regulate
the levels of salt and water in the body.

e Androgens, such as testosterone, are the sex
hormones.

The most common cause of CAH is a deficiency
of the enzyme 21-hydroxylase. The gene for this
enzyme lies on chromosome 6. There are two
copies of the gene because of a duplication that
occurred hundreds of thousands of years ago. One
gene is called CYP21 and is the active gene; the
other is called CYP21P and is inactive. The 21-
hydroxylase deficiency is unique because most
mutations result from the transfer of genetic informa-
tion between inactive and active genes.

Various mutations of the 21-hydroxylase gene
result in various levels of enzyme. As a conse-
guence, there is a spectrum of effects.

In the absence of 21-hydroxylase, affected indi-
viduals are unable to make cortisol and aldosterone.
The adrenal gland responds by trying to increase
production of all its hormones. The number of cells
increases, a phenomenon called adrenal hyperpla-
sia. Other hormones such as androgens are patho-
logically overproduced.

But because of the missing enzyme, cortisol and
aldosterone levels still do not rise. Cortisol deficiency
causes low levels of sugar in the blood. Aldosterone
deficiency can cause a "salt wasting crisis" where
the body loses too much salt and, eventually, water.

The effects of CAH can begin in the womb. An
affected fetus can produce high levels of androgens.
This may result in girls being born with masculine-
appearing external genitals. In boys, it may result in
early sexual development.

CAH cannot be cured, but it can be treated by
replacing the missing hormones. In particular, it is
essential to give more cortisol in times of stress. A
mouse deficient in 21-hydroxylase is proving to be a
useful model in which to test new types of treatment.
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Adrenoleukodystrophy (ALD) is a rare, inherited
metabolic disorder that afflicts the young boy
Lorenzo Odone, whose story is told in the 1993 film
"Lorenzo's oil." In this disease, the fatty covering
(myelin sheath) on nerve fibers in the brain is lost,
and the adrenal gland degenerates, leading to pro-
gressive neurological disability and death.

People with ALD accumulate high levels of satu-
rated, very long chain fatty acids in their brain and
adrenal cortex because the fatty acids are not bro-
ken down by an enzyme in the normal manner. So,
when the ALD gene was discovered in 1993, it was
a surprise that the corresponding protein was in fact
a member of a family of transporter proteins, not an
enzyme. It is still a mystery as to how the transporter
affects the function the fatty acid enzyme and, for
that matter, how high levels of very long chain fatty
acids cause the loss of myelin on nerve fibers.

More recently, all the transporters related to ALD
protein have been found in the yeast Saccha-
romyces cerevisiae, and a mouse model for the

Important Links

human disease has been developed. These and
other molecular biology approaches should further
our understanding of ALD and hasten our progress
toward effective therapies.

Muelin-stained section of brain
in adrenoleukody strophy, sha-
wing build-up of long-chain
fatty acids [With thanks to
K.evin Roth and Robert
Schrnidt, Washington
University, St. Louis, Mo, USA,
for supplying the image. ]
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Autoimmune polyglandular syndrome

The endocrine system is responsible for the release
of hormones into the blood or lymph. Deficiencies in
the endocrine system can be caused by infection,
infarction, or a tumor destroying all or a large part of
the gland. However, the activity of an endocrine
organ is most often depressed as a result of an
autoimmune reaction that ultimately results in partial
or complete destruction of the gland. Autoimmune
disease affecting one organ is frequently followed by
the impairment of other glands, resulting in multiple
endocrine failure.

Autoimmune polyglandular syndrome type |
(APS1, also called APECED) is a rare autosomal
recessive disorder that maps to human chromosome
21. At the end of 1997, researchers reported that

Important Links

they isolated a novel gene, which they called AIRE
(autoimmune regulator). Database searches
revealed that the protein product of this gene is a
transcription factor—a protein that plays a role in the
regulation of gene expression. The researchers
showed that mutations in this gene are responsible
for the pathogenesis of APS1.

The identification of the gene defective in APS1
is the first step toward developing tests that will be
able to genetically diagnose the disease. Further
investigations of the gene and its function should
also facilitate finding a potential treatment for the
disease as well as increasing our general under-
standing of the mechanisms underlying other
autoimmune diseases.
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Breast cancer is the second major cause of cancer
death in American women, with an estimated 44,190
lives lost (290 men and 43,900 women) in the US in
1997. While ovarian cancer accounts for fewer
deaths than breast cancer, it still represents 4% of
all female cancers. For some of the cases of both
types of cancer, there is also a clear genetic link.

In 1994, two breast cancer susceptibility genes
were identified: BRCA1 on chromosome 17 and
BRCA2 on chromosome 13. When an individual car-
ries a mutation in either BRCAL or BRCA2, they are
at an increased risk of being diagnosed with breast
or ovarian cancer at some point in their lives. Until
recently, it was not clear what the function of these
genes was, until studies on a related protein in yeast
revealed their normal role: they participate in repair-
ing radiation-induced breaks in double-stranded
DNA. It is though that mutations in BRCAL1 or
BRCAZ2 might disable this mechanism, leading to
more errors in DNA replication and ultimately to can-
cerous growth.

So far, the best opportunity to reduce mortality is
through early detection (general screening of the
population for BRCA1 and BRCAZ2 is not yet recom-
mended). However, new strategies to find anticancer
drugs are constantly being developed. The latest,
called "synthetic lethal screening" looks for new drug
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targets in organisms such as yeast and fruit flies. In
the same way that studies in yeast recently helped

to identify the functions of BRCA1 and BRCA2, it is
thought that drugs that work in more primative organ-
isms will also be applicable to humans.

"while we all work toward 2
cure, education, research and
increased access to treatment
rernain our best allies in the
fight against breast cancer”

Betty Ford, forrner breast
cancer patient and now an
activist on behalf of expanded
breast cancer research and
education,

Gene sequence
Genome view see gene locations
Entrez Gene collection of gene-related information

BLink [www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=6552299&o0rg=1] related sequences in different organisms

The literature
Research articles online full text
Books online books section
OMIM catalog of human genes and disorders

Websites

CancerNet [cancernet.nci.nih.gov/] from the National Cancer Institute, NIH

Oncolink [oncolink.upenn.edu/] comprehensive cancer information from the University of Pennsylvania

GeneReviews [www.geneclinics.org/profiles/brcal/index.html] a medical genetics resource


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=breast%20cancer
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=gene&details_term=%28%28BRCA%5BAll%20Fields%5D%20AND%20alive%5Bprop%5D%29%20AND%20%22Homo%20sapiens%22%5BOrganism%5D%29
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=6552299&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=breast%20cancer%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=breast%20cancer
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=114480
http://www.geneclinics.org/profiles/brca1/index.html

Genes and Disease

Cockayne syndrome

Glands and Hormones

Edward Alfred Cockayne (1880-1956), after whom
this disease is named, was a London physician who
concentrated particularly on hereditary diseases of
children. Cockayne syndrome is a rare inherited dis-
order in which people are sensitive to sunlight, have
short stature, and have the appearance of premature
aging. In the classical form of Cockayne syndrome
(Type 1), the symptoms are progressive and typically
become apparent after the age of 1 year. An early
onset or congenital form of Cockayne syndrome
(Type 1l) is apparent at birth. Interestingly, unlike
other DNA repair diseases, Cockayne syndrome is
not linked to cancer.

After exposure to UV radiation (found in sun-
light), people with Cockayne syndrome can no
longer perform a certain type of DNA repair, known
as "transcription-coupled repair." This type of DNA
repair occurs "on the fly" right as the DNA that codes
for proteins is being replicated. Two genes defective
in Cockayne syndrome, CSA and CSB, have been
identified so far. The CSA gene is found on chro-
mosme 5. Both genes code for proteins that inter-
acts with components of the transcriptional machin-
ery and with DNA repair proteins.

Escherichia coli, a bacterium, also undergoes
transcription-coupled repair, and a yeast counterpart
of the CSB gene has also recently been discovered.
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These similar mechanisms to the one found in
humans are invaluable for studying the molecular
processes involved in transcription-coupled repair
because powerful molecular genetics techniques
can be used. A better understanding of the mecha-
nisms involved will help unravel the pathogenesis of
disease and may identify potential drug targets.

Cockayne syndrome

sufferers have rnulti-
systermic disorders due to

a defect in the ability of callz
to repair DMA that iz being
transcribed, [Photograph by
D, Atherton, Reproduced frorm
Lehrmann, AR, (1995) Trends
Biochern, Sci. 20, 402-405,
with permission, ]

Gene sequence
Genome view see gene locations
Entrez Gene collection of gene-related information

BLink [www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4557467&org=1] related sequences in different organisms

The literature
Research articles online full text
Books online books section
OMIM catalog of human genes and disorders


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=cockayne
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=gene&details_term=%28%28cockayne%20syndrome%5BDisease%20or%20phenotype%5D%20AND%20alive%5Bprop%5D%29%20AND%20%22Homo%20sapiens%22%5BOrganism%5D%29
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4557467&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=cockayne%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=cockayne
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=cockayne

Genes and Disease

Diabetes, type 1

Glands and Hormones

Diabetes is a chronic metabolic disorder that
adversely affects the body's ability to manufacture
and use insulin, a hormone necessary for the con-
version of food into energy. The disease greatly
increases the risk of blindness, heart disease, kidney
failure, neurological disease, and other conditions for
the approximately 16 million Americans who are
affected by it. Type 1, or juvenile onset diabetes, is
the more severe form of the illness.

Type 1 diabetes is what is known as a 'complex
trait', which means that mutations in several genes
likely contribute to the disease. For example, it is
now known that the insulin-dependent diabetes mel-
litus (IDDM1) locus on chromosome 6 may harbor at
least one susceptibility gene for Type 1 diabetes.
Exactly how a mutation at this locus adds to patient
risk is not clear, although a gene maps to the region
of chromosome 6 that also has genes for antigens
(the molecules that normally tell the immune system
not to attack itself). In Type 1 diabetes, the body's
immune system mounts an immunological assault
on its own insulin and the pancreatic cells that manu-
facture it. However, the mechanism of how this
happens is not yet understood.

About 10 loci in the human genome have now
been found that seem to confer susceptibility to Type
1 diabetes. Among these are 1) a gene at the locus
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IDDM2 on chromosome 11 and 2) the gene for glu-
cokinase (GCK), an enzyme that is key to glucose
metabolism which helps modulate insulin secretion,
on chromosome 7.

Conscientious patient care and daily insulin
dosages can keep patients comparatively healthy.
But in order to prevent the immunoresponses that
often cause diabetes, we will need to experiment
further with mouse models of the disease and
advance our understanding of how genes on other
chromosomes might add to a patient's risk of dia-
betes.

T lyrmphocytes attacking
insulin-praoducing

pancreatic islet cellz. [Irnage
credit: A, Cooke and John
Todd, Wellcorme Trust Certer
for Human Genetics, Oxford,
UK. ]

Gene sequence
Genome view see gene locations
LocusLink collection of gene-related information

BLink [www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4503951&org=1] related sequences in different organisms

The literature
Research articles online full text
Books online books section
OMIM catalog of human genes and disorders

Websites
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Diastrophic dysplasia (DTD) is a rare growth disor-
der in which patients are usually short, have club
feet, and have malformed handsmand joints.
Although found in all populations, it is particularly
prevalent in Finland.

The gene whose mutation results in DTD maps
to chromosome 5 and encodes a novel sulfate
transporter. This ties in with the observation of
unusual concentrations of sulfate in various tissues
of DTD patients. Sulfate is important for skeletal
joints because cartilage—the shock-absorber of
joints—requires sulfur during its manufacture.
Adding sulfur increases the negative charge within
cartilage, which contributes to its shock-absorbing
properties.

A great deal of further research must be done

before this condition is fully understood and effective

therapies are developed.
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F.adiograph of the hand

of a patient with
diastraphic dysplasia
[Irnage credit: Eric Lander
Whitehead Institute, MIT,
Lsa, ]

Gene sequence
Genome view see gene locations
Entrez Gene collection of gene-related information

BLink [www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4557539&org=1] related sequences in different organisms

The literature
Research articles online full text
Books online books section
OMIM catalog of human genes and disorders

10


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=DTD
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=1836
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4557539&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=diastrophic%20dysplasia%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=diastrophic%20dysplasia
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=222600

Genes and Disease

Multiple endocrine neoplasia

Glands and Hormones

Multiple endocrine neoplasia (MEN) is a group of
rare diseases caused by genetic defects that lead to
hyperplasia (abnormal multiplication or increase in
the number of normal cells in normal arrangement in
a tissue) and hyperfunction (excessive functioning)
of two or more components of the endocrine system.
Endocrine glands are different from other organs
in the body because they release hormones into the
bloodstream. Hormones are powerful chemicals that
travel through the blood, controlling and instructing
the functions of various organs. Normally, the hor-
mones released by endocrine glands are carefully
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balanced to met the body's needs. When a person
has MEN, specific endocrine glands, such as the
parathyroid glands, the pancreas gland, and the pitu-
itary gland, tend to become overactive. When these
glands go into overdrive, the result can be: exces-
sive calcium in the bloodstream (resulting in kidney
stones or kidney damage); fatigue; weakness; mus-
cle or bone pain; constipation; indigestion; and
thinning of bones.

The MEN1 gene, which has been known for
several years to be found on chromosome 11, was
more finely mapped in 1997.
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Fact sheet [www.niddk.nih.gov/health/endo/pubs/fmenl/fmenl.htm] from the National Institute of Diabetes and Digestive and Kidney

Diseases, NIH
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Genes and Disease

Pendred syndrome

Glands and Hormones

Pendred syndrome is an inherited disorder that
accounts for as much as 10% of hereditary deaf-
ness. Patients usually also suffer from thyroid goiter.
The recent discovery of the gene for Pendred syn-
drome illuminates a disorder that has confounded
scientists for more than a century.

In December of 1997, scientists at NIH's
National Human Genome Research Institute used
the physical map of human chromosome 7 to help
identify an altered gene, PDS, thought to cause
pendred syndrome. The normal gene makes a pro-
tein, called pendrin, that is found at significant levels
only in the thyroid and is closely related to a number
of sulfate transporters. When the gene for this pro-
tein is mutated, the person carrying it will exhibit the
symptoms of Pendred syndrome.

Because goiter is not always found in Pendred
syndrome patients, it is possible that a defective
pendrin gene will turn out to be responsible for some

Important Links

cases of deafness that had not previously been
attributed to this disorder. The discovery of pendrin
should also stimulate new angles of research into
thyroid physiology and the role of altered sulfur
transport in human disease.

axtracellular

[1a)iF B )
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Model of the hurnan pendrin protein, based
on the predicted amino acid sequence, The
approxirnate positions of riutations in sore
pendred syndrorne patierts are shown in red
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Research News [www.nhgri.nih.gov/NEWS/Pendred/] from the National Human Genome Research Institute, NIH

GeneClinics [www.geneclinics.org/profiles/pendred/] a medical genetics resource
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http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4505697&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=pendred%20OR%20PDS%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=pendred%20OR%20PDS
http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=274600
http://www.nhgri.nih.gov/NEWS/Pendred/
http://www.geneclinics.org/profiles/pendred/
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The Heart and Blood Vessels
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Amatomy of the human heart. (Reproduced from
the Department of Cardiotharacic Surgery, USC,
with permission.)

Oxygen is vital to life as it provides fuel for all the body's functions. The heart's role is to pump
oxygen-rich blood to every cell in the body. The blood vessels — a network of interconnecting
arteries, arterioles, capillaries, venules, and veins — provide the pathway in which blood travels.

Arteries are the passageways through which the blood is delivered, the largest of which is the
aorta. The aorta branches off the heart and divides into many smaller arteries, which have muscular
walls that adjust their diameter to increase or decrease blood flow to a particular body area.
Capillaries are thin walled, highly branched vessels that feed the tissues and collect wastes to be
carried back to the lungs, liver, or kidney for elimination. Capillaries empty into the venules, which in
turn drain into the veins that lead back to the heart. Veins carry deoxygenated blood to the lungs to
pick up more oxygen, and then back to the heart once again.

The four most common types of vascular disease are high blood pressure, coronary heart
disease, stroke, and rheumatic heart disease. Other forms include arrhythmias, diseases of the
arteries, arterioles and capillaries, congenital defects, valvular heart disease, diseases of pulmonary
circulation; and diseases of veins and lymphatics. Some of these disorders are the result of the over
production of blood vessel cells, while others occur from vascular malformations. Still others result
from inflammation of the blood vessels or the build up of a fatty substance called plaque within the
blood vessels.
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Ataxia telangiectasia

The Heart and Blood Vessels

The first signs of ataxia telangiectasia (A-T) usually
appear in the second year of life as a lack of balance
and slurred speech. It is a progressive, degenerative
disease characterized by cerebellar degeneration,
immunodeficiency, radiosensitivity (sensitivity to
radiant energy, such as x-ray), and a predisposition
to cancer.

Back in 1988 the gene responsible for A-T was
mapped to chromosome 11. The subsequent identi-
fication of the gene proved difficult; it was 7 more
years until the human ATM gene was cloned. The
diverse symptoms seen in A-T reflect the main role
of ATM, which is to induce several cellular
responses to DNA damage. When the ATM gene is
mutated, these signaling networks are impaired, and
so the cell does not respond correctly to minimize
the damage.

Some of the ATM-dependent signaling pathways
are found in yeast. Because these pathways appear
to be conserved throughout evolution, they are likely
to be central to the DNA damage response.
Research into finding an effective therapy for A-T

Important Links

sufferers is likely to be helped by harnessing the
power of yeast genetics, which allows more rapid
and systematic study of the pathways affected by an
ATM mutation.
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The ATM protein mediates responses to
DA damage, in particular those that
cartrol progreszion through the cell cycle.
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The A-T Children's Project [www.atcp.org/] support and research information

GeneClinics [www.geneclinics.org/profiles/ataxia-telangiectasia/] a medical genetics resource


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=ataxia%20telangiectasia
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=472
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4502267&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=ataxia%20telangiectasia%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=ataxia%20telangiectasia
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=208900
http://www.atcp.org/
http://www.geneclinics.org/profiles/ataxia-telangiectasia/
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Atherosclerosis

The Heart and Blood Vessels

Atherosclerosis is a disease that can affect people at
any age, although it usually doesn't pose a threat
until people reach their forties or fifties. It is charac-
terized by a narrowing of the arteries caused by
cholesterol-rich plaques of immune system cells.
Key risk factors for atherosclerosis, which can be
genetic and/or environmental, include: elevated lev-
els of cholesterol and triglyceride in the blood, high
blood pressure, and cigarette smoke.

A protein called apolipoprotein E, which can
exist in several different forms, is coded for by a
gene found on chromosome 19. It is important for
removing excess cholesterol from the blood, and
does so by carrying cholesterol to receptors on the
surface of liver cells. Defects in apolipoprotein E
sometimes result in its inability to bind to the recep-
tors, which leads to an increase a person's blood
cholesterol and consequently their risk of atheroscle-
rosis.

Currently, a debate is raging over how the vari-
ous mutated forms of apolipoprotein E effect the
body. As a result, many of the treatments proposed

Important Links

remain in their experimental phase. While mice are
proving useful for modeling the human disease, a
great deal of research is still required before we can
fully understand the mechanisms that regulate the
levels of lipoproteins—Ilike apolipoprotein E—in the
blood.

o

The size of the lurnen of
arteries can be significantly
reduced by stherosclarctic
plagues rich in chalesteral,
[Image credit: Mark
Boguski, NCBI, NIH, USA, ]
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National Heart, Blood and Lung Institute [www.nhlbi.nih.gov/health/public/heart/index.htm] cardiovascular information

American Heart Association [amhrt.org/] information on heart disease and stroke


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=APOE%20OR%20atherosclerosis
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=348
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4557325&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=atherosclerosis%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=atherosclerosis
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=107741
http://www.nhlbi.nih.gov/health/public/heart/index.htm
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Long QT syndrome

The Heart and Blood Vessels

Long QT syndrome (LQTS) results from structural
abnormalities in the potassium channels of the heart,
which predispose affected persons to an accelerated
heart rhythm (arrhythmia). This can lead to sudden
loss of consciousness and may cause sudden car-
diac death in teenagers and young adults who are
faced with stressors ranging from exercise to loud
sounds.

LQTS is usually inherited as an autosomal dom-
inant trait. In the case of LQT1, which has been
mapped to chromosome 11, mutations lead to seri-
ous structural defects in the person's cardiac potas-
sium channels that do not allow proper transmission
of the electrical impulses throughout the heart. There
also appear to be other genes, tentatively located on
chromosomes 3, 6 and 11 whose mutated products
may contribute to, or cause, LQT syndrome.

Beta blockers are used to treat the symptoms of
the disease, and appear to be effective in some
symptomatic patients. However, common sense

Important Links

therapies such as avoiding strenuous physical exer-
cise and other stressors are also effective. Research
on how the genes discussed above interact with
each other should encourage the development of
new treatments for long-QT syndrome.
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Paortion of an electrocardiograrn (EKG) used
to diagnose long- QT syndrarme, an inheritad
cardiac arrythrnia associated with mutations in
an ion channel, [Image credit: John T
Cockerharn, Seorgetown University Medical
Certer, Washington DS, USA,
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American Heart Association [amhrt.org] fighting heart disease and stroke

National Heart, Lung and Blood Institute, NIH [www.nhlbi.nih.gov/health/public/heart/other/arrhyth.htm] information on arrhythmias


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=LQT1
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=3784
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4557689&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=LONG-QT%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=arrhythmia
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=192500
http://www.nhlbi.nih.gov/health/public/heart/other/arrhyth.htm
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Von Hippel-Lindau syndrome

The Heart and Blood Vessels

Von Hippel-Lindau syndrome is an inherited multi-
system disorder characterized by abnormal growth
of blood vessels. While blood vessels normally grow
like trees, in people with VHL little knots of blood
capillaries sometimes occur. These knots are called
angiomas or hemangioblastomas. Growths may
develop in the retina, certain areas of the brain, the
spinal cord, the adrenal glands and other parts of the
body.

The gene for Von-Hippel Lindau disease (VHL)
is found on chromosome 3, and is inherited in a
dominant fashion. If one parent has a dominant
gene, each child has a 50-50 chance of inheriting
that gene. The VHL gene is a tumor suppressor
gene. This means that its role in a normal cell is to
stop uncontrolled growth and proliferation. If the
gene is lost or mutated, then its inhibitory effect on
cell growth is lost or diminished, which, in combina-
tion with defects in other regulatory proteins, can
lead to cancerous growth. Like the Rb tumor sup-
pressor gene, VHL seems to act as a 'gatekeeper’ to
the multistep process of tumorigenesis.

Although unrelated to any other known family of
human proteins, homologs to human VHL are found
in mice and rats. Experiments using these animals

Important Links

as model organisms for the human disease are help-
ing researchers discover the normal physiological
role of VHL, which will shed light on its mechanism
of pathogenesis. Initial results suggest that VHL may
play a role in regulating exit form the cell cycle.

Microscopic section of hem-
angioblastorna, a turnor of the
cerebellurn characteriztically
found in patierts with von
Hippel-Lindau diseasze, [Image
credit: Kewin Roth and Robert
Schrnidt, Washington University,
St Louis, MO, USA, ]
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http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=VHL
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=7428
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4507891&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=Von-Hippel+Lindau%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=VHL
http://www.ninds.nih.gov/health_and_medical/disorders/vonhippe_doc.htm

Williams syndrome

Williams syndrome is a rare congenital disorder
characterized by physical and development prob-
lems. Common features include characteristic "elfin-
like" facial features, heart and blood vessel prob-
lems, irritability during infancy, dental and kidney
abnormalities, hyperacusis (sensitive hearing) and
musculoskeletal problems. Although individuals with
Williams syndrome may show competence in areas
such as language, music and interpersonal relations,
their 1Qs are usually low.

In Williams syndrome individuals, both the gene
for elastin and an enzyme called LIM kinase are
deleted. Both genes map to the same small area on
chromosome 7. In normal cells, elastin is a key
component of connective tissue, conferring its elastic
properties. Mutation or deletion of elastin lead to the
vascular disease observed in Williams syndrome.
On the other hand, LIM kinase is strongly expressed
in the brain, and deletion of LIM kinase is thought to
account for the impaired visuospatial constructive
cognition in Williams syndrome.

Williams syndrome is a contiguous disease,
meaning that the deletion of this section of chromo-
some 7 may involve several more genes. Further
study will be required to round up all the genes

Important Links
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deleted in this disease. The remarkable musical and
verbal abilities of individuals with Williams syndrome,
and their tendency to be very sociable, has lead to
the suggestion that children with Williams syndrome
were an inspiration for folktales and legends, as the
'‘wee, magical people' were often musicians and sto-
rytellers.

Williarns syndromne is caused by a deletion of
part of chrorozorme 7 that includes the LIM
kinase and elastin coding sequences, Above,
thiz zequence [ stained red) can no langer be
seen in the chrormosorne with the deletion
[green arrow ), [Photograph kindly provided by
L. 5. Shaffer, Baylor College of Medicine. ]
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GeneClinics [www.geneclinics.org/profiles/williams/] a medical genetics resource
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http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=5881413&org=1
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http://www.geneclinics.org/profiles/williams/
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Diseases of the Immune System

Scanning electron micrograph of a lvmph
rode, The large cells with rultiple
protrusions are rnacrophages; the smaller
round cellzs are lyrphocytes, A biconcave
red blood cell can be seen on the left,
[Micrograph by Willern van Ewijk,

Cept Irnmmunology, Erasrmus University

of Rotterdarn, The Metherlands )

The immune system is a complex and highly developed system, yet its mission is simple: to seek
and kill invaders. If a person is born with a severely defective immune system, death from infection
by a virus, bacterium, fungus or parasite will occur. In severe combined immunodeficiency, lack of
an enzyme means that toxic waste builds up inside immune system cells, killing them and thus
devastating the immune system. A lack of immune system cells is also the basis for DiGeorge
syndrome: improper development of the thymus gland means that T cell production is diminished.

Most other immune disorders result from either an excessive immune response or an
‘autoimmune attack'. Asthma, familial Mediterranean fever and Crohn's disease (inflammatory
bowel disease) all result from an over-reaction of the immune system, while autoimmune
polyglandular syndrome and some facets of diabetes are due to the immune system attacking 'self'
cells and molecules. A key part of the immune system's role is to differentiate between invaders and
the body's own cells - when it fails to make this distinction, a reaction against 'self' cells and

molecules causes autoimmune disease.
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Asthma

Diseases of the Immune System

Asthma affects more than 5% of the population of
the US, including children. It is a chronic inflamma-
tory disorder of the airways characterized by cough-
ing, shortness of breath, and chest tightness. A
variety of "triggers" may initiate or worsen an asthma
attack, including viral respiratory infections, exercise,
and exposure to irritants such as tobacco smoke.
The physiological symptoms of asthma are a narrow-
ing of the airways caused by edema (fluid in the
intracellular tissue space) and the influx of inflamma-
tory cells into the walls of the airways.

Asthma is a what is known as a "complex" heri-
table disease. This means that there are a number
of genes that contribute toward a person's suscepti-
bility to a disease, and in the case of asthma, chro-
mosomes 5, 6, 11, 14, and 12 have all been
implicated. The relative roles of these genes in
asthma predisposition are not clear, but one of the
most promising sites for investigation is on chromo-
some 5. Although a gene for asthma from this site
has not yet been specifically identified, it is known
that this region is rich in genes coding for key
molecules in the inflammatory response seen in
asthma, including cytokines, growth factors, and
growth factor receptors.

The search for specific asthma genes is ongo-
ing. Assisting in this international human effort are
model organisms such as mice, which have similar

Important Links

chromosomal architecture to our chromosome 5 site
on their chromosomes 11, 13, and 18. Further study
of the genes in these areas (and others) of the
human genome will implicate specific genes involved
in asthma and perhaps also suggest related biologi-
cal pathways that play a role in the pathogenesis of
asthma.

Tryptaze iz an enzyrme found
specifically in rmast cells, atype
of white blood cells immportart
for fighting infection, It may
have a role in casuing asthrna
and cther irflarnrnatory
dizorders, [Reproduced from
Pareira, PJ.B. et al. [1992)
Mature 392, 230-311, with
perriissian, |
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Global initiative for asthma [www.ginasthma.com:80/] a project conducted in collaboration with the National Heart, Blood and Lung

Institute, NIH, and the World Health Organization

National Heart, Blood and Lung Institute [www.nhlbi.nih.gov/health/public/lung/index.htm#asthma] information on asthma

MEDLINEplus [www.nlm.nih.gov/medlineplus/asthma.html] links on asthma compiled by the National Library of Medicine


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=asthma
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=gene&details_term=%28%28asthma%5BDisease%20or%20phenotype%5D%20AND%20alive%5Bprop%5D%29%20AND%20%22Homo%20sapiens%22%5BOrganism%5D%29
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4501969&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=asthma%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=asthma
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=600807
http://www.ginasthma.com:80/
http://www.nhlbi.nih.gov/health/public/lung/index.htm#asthma
http://www.nlm.nih.gov/medlineplus/asthma.html
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Ataxia telangiectasia

Diseases of the Immune System

The first signs of ataxia telangiectasia (A-T) usually
appear in the second year of life as a lack of balance
and slurred speech. It is a progressive, degenerative
disease characterized by cerebellar degeneration,
immunodeficiency, radiosensitivity (sensitivity to
radiant energy, such as x-ray), and a predisposition
to cancer.

Back in 1988 the gene responsible for A-T was
mapped to chromosome 11. The subsequent identi-
fication of the gene proved difficult; it was 7 more
years until the human ATM gene was cloned. The
diverse symptoms seen in A-T reflect the main role
of ATM, which is to induce several cellular
responses to DNA damage. When the ATM gene is
mutated, these signaling networks are impaired, and
so the cell does not respond correctly to minimize
the damage.

Some of the ATM-dependent signaling pathways
are found in yeast. Because these pathways appear
to be conserved throughout evolution, they are likely
to be central to the DNA damage response.
Research into finding an effective therapy for A-T

Important Links

sufferers is likely to be helped by harnessing the
power of yeast genetics, which allows more rapid
and systematic study of the pathways affected by an
ATM mutation.
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The ATM protein mediates responses to
DA damage, in particular those that
cartrol progreszion through the cell cycle.
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The A-T Children's Project [www.atcp.org/] support and research information

GeneClinics [www.geneclinics.org/profiles/ataxia-telangiectasia/] a medical genetics resource
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Diseases of the Immune System

Autoimmune polyglandular syndrome

The endocrine system is responsible for the release
of hormones into the blood or lymph. Deficiencies in
the endocrine system can be caused by infection,
infarction, or a tumor destroying all or a large part of
the gland. However, the activity of an endocrine
organ is most often depressed as a result of an
autoimmune reaction that ultimately results in partial
or complete destruction of the gland. Autoimmune
disease affecting one organ is frequently followed by
the impairment of other glands, resulting in multiple
endocrine failure.

Autoimmune polyglandular syndrome type |
(APS1, also called APECED) is a rare autosomal
recessive disorder that maps to human chromosome
21. At the end of 1997, researchers reported that
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they isolated a novel gene, which they called AIRE
(autoimmune regulator). Database searches
revealed that the protein product of this gene is a
transcription factor—a protein that plays a role in the
regulation of gene expression. The researchers
showed that mutations in this gene are responsible
for the pathogenesis of APS1.

The identification of the gene defective in APS1
is the first step toward developing tests that will be
able to genetically diagnose the disease. Further
investigations of the gene and its function should
also facilitate finding a potential treatment for the
disease as well as increasing our general under-
standing of the mechanisms underlying other
autoimmune diseases.
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Burkitt lymphoma

Diseases of the Immune System

Im Burkitt lyrnphama, Myc, which is
normally found on chromosome 2,

iz transferred to chrornosorne 14, This
iz known as chrormosorne translocation
and can be characteristic of a cancer
type. [irnage credit: Gregory Schuler,
MCEL, MLM, HIH.]

Burkitt lymphoma is a rare form of cancer predomi-
nantly affecting young children in Central Africa, but
the disease has also been reported in other areas.
The form seen in Africa seems to be associated with
infection by the Epstein—Barr virus, although the
pathogenic mechanism is unclear.
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Burkitt lymphoma results from chromosome
translocations that involve the Myc gene. A chromo-
some translocation means that a chromosome is
broken, which allows it to associate with parts of
other chromosomes. The classic chromosome
translocation in Burkitt lymophoma involves chromo-
some 8, the site of the Myc gene. This changes the
pattern of Myc's expression, thereby disrupting its
usual function in controlling cell growth and prolifera-
tion.

We are still not sure what causes chromosome
translocation. However, research in model organ-
isms such as mice is leading us toward a better
understanding of how translocations occur and,
hopefully, how this process contributes to Burkitt
lymphoma and other cancers such as leukemia.
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CancerNet [cancernet.nci.nih.gov/] from the National Cancer Institute, NIH

American Cancer Society [www.cancer.org/] research and patient support
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Diabetes, type 1

Diseases of the Immune System

Diabetes is a chronic metabolic disorder that
adversely affects the body's ability to manufacture
and use insulin, a hormone necessary for the con-
version of food into energy. The disease greatly
increases the risk of blindness, heart disease, kidney
failure, neurological disease, and other conditions for
the approximately 16 million Americans who are
affected by it. Type 1, or juvenile onset diabetes, is
the more severe form of the illness.

Type 1 diabetes is what is known as a 'complex
trait', which means that mutations in several genes
likely contribute to the disease. For example, it is
now known that the insulin-dependent diabetes mel-
litus (IDDM1) locus on chromosome 6 may harbor at
least one susceptibility gene for Type 1 diabetes.
Exactly how a mutation at this locus adds to patient
risk is not clear, although a gene maps to the region
of chromosome 6 that also has genes for antigens
(the molecules that normally tell the immune system
not to attack itself). In Type 1 diabetes, the body's
immune system mounts an immunological assault
on its own insulin and the pancreatic cells that manu-
facture it. However, the mechanism of how this
happens is not yet understood.

About 10 loci in the human genome have now
been found that seem to confer susceptibility to Type
1 diabetes. Among these are 1) a gene at the locus
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IDDM2 on chromosome 11 and 2) the gene for glu-
cokinase (GCK), an enzyme that is key to glucose
metabolism which helps modulate insulin secretion,
on chromosome 7.

Conscientious patient care and daily insulin
dosages can keep patients comparatively healthy.
But in order to prevent the immunoresponses that
often cause diabetes, we will need to experiment
further with mouse models of the disease and
advance our understanding of how genes on other
chromosomes might add to a patient's risk of dia-
betes.

T lyrmphocytes attacking
insulin-praoducing

pancreatic islet cellz. [Irnage
credit: A, Cooke and John
Todd, Wellcorme Trust Certer
for Human Genetics, Oxford,
UK. ]
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Patient information on diabetes [www.niddk.nih.gov/health/diabetes/diabetes.htm] from the National Institute of Diabetes and
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Juvenile Diabetes Research Foundation International [http://www.jdf.org/] 'dedicated to finding a cure'
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DiGeorge syndrome

Diseases of the Immune System

DiGeorge syndrome is a rare congenital (i.e. present
at birth) disease whose symptoms vary greatly
between individuals but commonly include a history
of recurrent infection, heart defects, and characteris-
tic facial features.

DiGeorge syndrome is caused by a large dele-
tion from chromosome 22, produced by an error in
recombination at meiosis (the process that creates
germ cells and ensures genetic variation in the off-
spring). This deletion means that several genes from
this region are not present in DiGeorge syndrome
patients. It appears that the variation in the symp-
toms of the disease is related to the amount of
genetic material lost in the chromosomal deletion.

Although researchers now know that the DGS
gene is required for the normal development of the
thymus and related glands, counteracting the loss of
DGS is difficult. Some effects, for example the car-
diac problems and some of the speech impairments,
can be treated either surgically or therapeutically,
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but the loss of immune system T-cells (produced by
the thymus) is more challenging and requires further
research on recombination and immune function.

Celetion of genes in DiGeorge
syndrorme can be visualized by 2
fluareszcert zsignal an only one of the
twao copies of chromnosome 22 [Immage
credit: David Ian Wilson, University of
Mew castle upon Tyne, UK, ]
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http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=DiGeorge
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Immunodeficiency with hyper-IgM

Immunodeficiency with hyper-IgM (HIM) is a rare
primary immunodeficiency characterized by the pro-
duction of normal to increased amounts of IgM
antibody of questionable quality and an inability to
produce sufficient quantities of IgG and IgA. Individ-
uals with HIM are susceptible to recurrent bacterial
infections and are at an increased risk of autoim-
mune disorders and cancer at an early age.

In a normal immune response to a new antigen,
B cells first produce IgM antibody. Later, the B cells
switch to produce 1gG, IgA and IgE, antibodies that
protect tissues and mucosal surfaces more effec-
tively. In the most common form of HIM there is a
defect in the gene TNFSF5, found on chromosome
X at g26. This gene normally produces a CD40 anti-
gen ligand (CD154), a protein on T cells which binds
to the CD40 receptor on B and other immune cells.
Without CD154, B cells are unable to receive signals
from T cells, and thus fail to switch antibody produc-
tion to IgA and 1gG. The absence of CD 40 signals
between other immune cells makes individuals with
HIM susceptible to infections by opportunistic organ-
isms such as Pneumocystis and Cryptosporidium
species.

Treatment of HIM mainly consists of regular IV
replacement of the missing IgG antibodies and
prompt treatment of infections. Long lasting immu-
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nity, however, cannot be maintained without a bone
marrow transplant, which is done when a suitable
donor is available.

To see the interactive version of this figure
requires Cn3D [www.nchi.nIm.nih.gov/Structure/
CN3D/cn3d.shtml], a three-dimensional structure
viewer.
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Leukemia, chronic myeloid

Diseases of the Immune System

Chronic myeloid leukemia (CML) is a cancer of
blood cells, characterized by replacement of the
bone marrow with malignant, leukemic cells. Many of
these leukemic cells can be found circulating in the
blood and can cause enlargement of the spleen,
liver, and other organs.

CML is usually diagnosed by finding a specific
chromosomal abnormality called the Philadelphia
(Ph) chromosome (see figure), named after the city
where it was first recorded. The Ph chromosome is
the result of a translocation—or exchange of genetic
material—between the long arms of chromosomes 9
and 22 . This exchange brings together two genes:
the BCR (breakpoint cluster region) gene on chro-
mosome 22 and the proto-oncogene ABL (Ableson
leukemia virus) on chromosome 9. The resulting
hybrid gene BCR-ABL codes for a fusion protein with
tyrosine kinase activity, which activates signal trans-
duction pathways, leading to uncontrolled cell
growth.

A mouse model has been created that develops
a CML-like disease when given bone marrow cells
infected with a virus containing the BCR-ABL gene.
In other animal models, the fusion proteins have
been shown to transform normal blood precursor
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cells to malignant cells. To research the human dis-
ease, antisense oligomers (short DNA segments)
that block BCR-ABL were developed that specifically
suppressed the formation of leukemic cells while not
affecting the normal bone marrow cell development.
These and other experimental techniques may lead
to future treatments for CML.
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Severe combined immunodeficiency

Diseases of the Immune System

Severe combined immunodeficiency (SCID) repre-
sents a group of rare, sometimes fatal, congenital
disorders characterized by little or no immune
response. The defining feature of SCID, commonly
known as "bubble boy" disease, is a defect in the
specialized white blood cells (B- and T-lymphocytes)
that defend us from infection by viruses, bacteria
and fungi. Without a functional immune system,
SCID patients are susceptible to recurrent infections
such as pneumonia, meningitis and chicken pox,
and can die before the first year of life. Though inva-
sive, new treatments such as bone marrow and
stem-cell transplantation save as many as 80% of
SCID patients.

All forms of SCID are inherited, with as many as
half of SCID cases linked to the X chromosome,
passed on by the mother. X-linked SCID results from
a mutation in the interleukin 2 receptor gamma
(IL2RG) gene which produces the common gamma
chain subunit, a component of several IL receptors.
IL2RG activates an important signalling molecule,
JAK3. A mutation in JAKS, located on chromosome
19, can also result in SCID. Defective IL receptors
and IL receptor pathways prevent the proper devel-
opment of T-lymphocytes that play a key role in
identifying invading agents as well as activating and
regulating other cells of the immune system.

In another form of SCID, there is a lack of the
enzyme adenosine deaminase (ADA), coded for by
a gene on chromosome 20. This means that the
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substrates for this enzyme accumulate in cells.
Immature lymphoid cells of the immune system are
particularly sensitive to the toxic effects of these
unused substrates, so fail to reach maturity. As a
result, the immune system of the afflicted individual
is severely compromised or completely lacking.

Some of the most promising developments in
the search for new therapies for SCID center on
'SCID mice', which can be bred deficient in various
genes including ADA, JAK3, and IL2RG. It is now
possible to reconstitute the impaired mouse immune
system by using human components, so these ani-
mals provide a very useful model for studying both
normal and pathological immune systems in biomed-
ical research.

Gene therapy has been
stternpted to treat zevere
cornbined irmmunodeficiency
caused by a mizsing enzyme,
adenosine dearninase, [Irmage
credit: Mational Cancer
Institute, ]
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Websites

SCID Factsheet [www.niaid.nih.gov/factsheets/pid.htm] from the National Institute of Allergy and Infectious Diseases, National
Institutes of Health
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Male-Specific Diseases

Main Screan of Visible Human Explorer
[Visible Man}, Visible Human Froject, National
Library of Medicine.

What kind of biological mechanisms lie behind the formation of the different genders? Some
scientists now conclude that cells from male and female organisms differ in ways that result from
chromosomes, not hormones, and believe that every organ in the body — not just those related to
reproduction — has the capability to respond differently on the basis of sex. For example, unique or
gender-specific features of human biology have been found in skin, bone, heart and brain, to name
just a few. In addition, many diseases are expressed differently in men and women.

Researchers are working to identify and understand differences related to the cause,
prevention, treatment and impact of diseases and conditions which primarily affect men or women,
or which affect men and women differently — with particular emphasis on gender and sex as key
variables. Such differences can have a significant impact on the prevention, diagnosis and
treatment of disease in both sexes.
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Alport syndrome

Male-Specific Diseases

Alport syndrome (AS) is a genetic disease in which a
collagen mutation affects the kidneys, the ears, and
the eyes. The syndrome was named for Dr. Alport
who in 1927 described a British family in which many
members developed renal disease as well as deaf-
ness. He noted that affected men in the family died
as a result of their kidney problems, whereas
females were less affected and lived until old age.

It is now known that most cases of AS are
caused by a mutation in the collagen gene COL4Ab5.
This gene encodes for the alpha-5 chain of collagen
type IV and is located on the X chromosome.
Because women have two X chromosomes (XX),
affected women usually have one normal copy and
one abnormal copy of the gene. Men only have one
copy of the X chromosome (XY). If they inherit the
COL4AS5 mutation, this abnormal copy of the gene is
the only copy they have and the effects are more
severe.

Type IV collagen is found in basement mem-
branes (BM), which are selective barriers between
cells. In the kidney, the glomerular BM filters waste
products into the urine while keeping useful
molecules within the blood stream. In AS, the
abnormal collagen disrupts this filter, leading to the
loss of proteins and red blood cells into the urine.
Blood in the urine (hematuria) is a sign common to
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all types of AS. In the ear, abnormal collagen in the
cochlea results in a progressive deafness in which
the ability to hear high tones is lost first. Abnormal
collagen can also affect the lens of the eye.

Currently, renal failure due to AS is treated by
dialysis or, for some, renal transplantation. However,
gene therapy may one day be able to provide a cure
for AS by replacing the faulty COL4A5 gene.

Urine

Filtration Slits

EM

Filtration barrier in the kidnew

To enter urine, waste molecules pazs
through: 1, gaps between the lining of
the blood wesszel, 2, the BMW;, and 3, =lit=
hetvween epithelial cells. In A=, the B
deteriorates, alowing proteins and red
hlood cells to enter the urine.
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National Kidney Foundation [http://www.kidney.org/general/atoz/content/alportsyn.html]further information

GeneReviews [www.geneclinics.org/profiles/alport]a medical genetics resource
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Male pattern baldness

5-alpha reductase is an enzyme that was first dis-
covered in the male prostate. Here it catalyzes the
conversion of testosterone to dihydrotestosterone,
which in turn binds to the androgen receptor and
initiates development of the external genitalia and
prostate. The gene for 5-alpha reductase has been
mapped to chromosome 5.

More recently, 5-alpha reductase was found in
human scalp and elsewhere in the skin, where it
carries out the same reaction as in the prostate. It is
thought that disturbances in 5-alpha reductase activ-
ity in skin cells might contribute to male pattern
baldness, acne, or hirsutism. The discovery of a
plant homolog of human 5-alpha reductase may lead

from THE PLANT

to new drugs, and the race is now on to find EELLS et ety

inhibitors of 5-alpha reductase.
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The second leading cause of cancer death in Ameri-
can men, prostate cancer will be diagnosed in an
estimated 184,500 American men in 1998 and will
claim the lives of an estimated 39,200. Prostate can-
cer mortality rates are more than two times higher
for African-American men than white men. The inci-
dence of prostate cancer increases with age; more
than 75% of all prostate cancers are diagnosed in
men over age 65.

Despite the high prevalence of prostate cancer,
little is known about the genetic predisposition of
some men to the disease. Numerous studies point to
a family history being a major risk factor, which may
be responsible for an estimated 5-10% of all prostate
cancers.

One of the most promising recent breakthroughs
may be the discovery of a susceptibility locus for
prostate cancer on chromosome 1, called HPC1,
which may account for about 1 in 500 cases of
prostate cancer. The next step will be to clone the
gene. Once researchers have the sequence, they
will be able to search the databases to compare the
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HPC1 sequence to previously characterized proteins
from both humans and other animals. This should
provide clues as to the function of HPCL1 in the cell,
and suggest potential starting points to find drug
targets.
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Hereditary progtate cancer (HP C)acoounts for about 10%
of all prostate cancer, and HPC iz edimated to s ccount
for approximately 34% oftheze hereditary cazes.

Background: histological sedion of a pateint with HP C.
Foreground: pedigree of a typical family demonstrating
multiple affected individual s (sold boxes) whose diseaze
linkstothe HPC1 region on chromosome 1.

[With thanks to Jeffrey Trert and colleague s, NIHGE, MIH
for supplying the image.]
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Fact sheet [www.nhgri.nih.gov/DIR/LCG/PROSTATE/pros_home.html] from the National Human Genome Research Institute, NIH

CancerNet [cancernet.nci.nih.gov/] from the National Cancer Institute, NIH

Oncolink [oncolink.upenn.edu/] comprehensive cancer information from the University of Pennsylvania


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=prostate%20cancer
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=5513
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=prostate%20cancer%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=prostate%20cancer
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=176807
http://www.nhgri.nih.gov/DIR/LCG/PROSTATE/pros_home.html
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We have come a long way in our understanding of
sexual dimorphism since 355 BC. In those days,
Aristotle suggested that the difference between the
two sexes was due to the heat of semen at the time
of copulation: hot semen generated males, whereas
cold semen made females. Thankfully, we now know
a little more about the molecular events of sex
determination.

Usually, a woman has two X chromosomes (XX)
and a man one X and one Y (XY). However, both
male and female characteristics can sometimes be
found in one individual, and it is possible to have XY
women and XX men. Analysis of such individuals
has revealed some of the molecules involved in sex
determination, including one called SRY, which is
important for testis formation.

SRY (which stands for sex-determining region Y
gene) is found on the Y chromosome. In the cell, it
binds to other DNA and in doing so distorts it dramat-
ically out of shape. This alters the properties of the
DNA and likely alters the expression of a number of
genes, leading to testis formation. Most XX men who
lack a Y chromosome do still have a copy of the
SRY region on one of their X chromosomes. This
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copy accounts for their maleness. However,
because the remainder of the Y chromosome is
missing they frequently do not develop secondary
sexual characteristics in the usual way.

Since human SRY is similar to SRY of mice, a
model of SRY function has been developed in mice.
This has been particularly important in discovering
the interactions of SRY with other genes in male sex
determination.

SR [green) binds to DA (pink)
and distorts its shape, In zo
doing, it reqgulates genes that
cartrol the developrnent of the
testas,
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http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=SRY
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=6736
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4507225&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=SRY%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=SRY
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=480000
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The skeleton provides an anchor point against which muscles, attached via tendons, can exert
force. There are a number of diseases that are caused by defects in genes important for the
formation and function of muscles, and connective tissues. (Connective tissue is a broad term that
includes bones, cartilage and tendons.)

Defects in fibrillin - a connective tissue proteins that is important in making the tissue strong yet
flexible - cause Marfan syndrome, while diastrophic dysplasia is caused by a defect in a sulfate
transporter found in cartilage.

Two diseases that originate through a defect in the muscle cells themselves are Duchenne
muscular dystrophy (DMD) and myotonic dystrophy (DM). DM is another ‘dynamic mutation’
disease, similar to Huntington disease, that involves the expansion of a nucleotide repeat, this time
in a muscle protein kinase gene. DMD involves a defect in the cytoskeletal protein, dystrophin,
which is important for maintaining cell structure.

While the gene for Ellis-van Creveld syndrome has been mapped, we await the function of the

protein to understand the molecular basis for this disease.
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Achondroplasia is a Greek word meaning "without
cartilage formation" and is one of the most common
causes of dwarfism. The appearance is of short
stature with disproportionately short arms and legs
and a large head. The characteristic facial features
include a prominent forehead and a flattened bridge
of the nose.

Although this condition can be inherited in an
autosomal dominant manner, 80% of cases are due
to new, sporadic mutations. Mutations involve the
gene encoding fibroblast growth factor receptor 3
(FGFR3), situated on chromosome 4. Most com-
monly, a point mutation causes the substitution of
arginine for glycine (G380R) in the transmembrane
region of the receptor.

There is growing evidence that mutations of
FGF3R confer a "gain of function”. It is proposed
that the normal function of FGFR3 is to slow down
the formation of bone by inhibiting the proliferation of
chondrocytes, the cells that produce cartilage. The
mutation increases the activity of FGFR3, severely
limiting bone growth.

This theory is supported by the knock-out mouse
model in which the receptor is absent, and so the
negative regulation of bone formation is lost. The
result is a mouse with excessively long bones and
elongated vertebrae, resulting in a long tail. Achon-
droplastic mouse models are useful tools in develop-
ing potential treatments.
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Achondroplasia. This girl
has disproportionate
shortening of the lirmbs

that is more marked in the
upper arms and upper

legs (rhizomelic shortening).
ohe also has a prominent
forehead (frontal bossing)
and depressed nasal
bridge.

[lmage credit: Jorde, Carey,
Bamzhad, White; Medica
Gendics 2rd Edition (T) 1993,
with penmizzion from Elzavier)]
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GeneReviews [www.genetests.org/profiles/achondroplasia] a medical genetics resource


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=achondroplasia
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=2261
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=20452381&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=achondroplasia%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=achondroplasia
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=100800
http://www.genetests.org/profiles/achondroplasia
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Amyotrophic lateral sclerosis (ALS) is a neurological
disorder characterized by progressive degeneration
of motor neuron cells in the spinal cord and brain,
which ultimately results in paralysis and death. The
disease takes its less-scientific name from Lou
Gehrig, a baseball player with the New York Yan-
kees in the late 1920s and 1930s, who was forced to
retire in 1939 as a result of the loss of motor control
caused by the disease.

In 1991, a team of researchers linked familial
ALS to chromosome 21. Two years later, the SOD1
gene was identified as being associated with many
cases of familial ALS. The enzyme coded for by
SOD1 carries out a very important function in cells: it
removes dangerous superoxide radicals by convert-
ing them into non-harmful substances. Defects in the
action of this enzyme mean that the superoxide radi-
cals attack cells from the inside, causing their death.
Several different mutations in this enzyme all result
in ALS, making the exact molecular cause of the
disease difficult to ascertain.

Important Links

Recent research has suggested that treatment
with drugs called antioxidants may benefit ALS
patients. However, since the molecular genetics of
the disease are still unclear, a significant amount of
research is still required to design other promising
treatments for ALS.

Lou Gerhig, who played
baseball for the Mew ork
“arkees 1925 to 1939,

His career was cut shart by
the dizeaze armylotrophic
lateral =clerosis,
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The ALS Association [www.alsa.org] from the National Institute of Neurological Disorders and Stroke

MEDLINE plus [www.nIm.nih.gov/medlineplus/amyotrophiclateralsclerosis.html] links compiled by the National Library of Medicine


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=amyotrophic%20lateral%20sclerosis
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=gene&details_term=%28%28amyotrophic%20lateral%20sclerosis%5BAll%20Fields%5D%20AND%20alive%5Bprop%5D%29%20AND%20%22Homo%20sapiens%22%5BOrganism%5D%29
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4507149&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=amyotrophic%20lateral%20sclerosis%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=amyotrophic%20lateral%20sclerosis
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=105400
http://www.alsa.org
http://www.nlm.nih.gov/medlineplus/amyotrophiclateralsclerosis.html
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Charcot—Marie—Tooth disease (CMT) is named after
its three discoverers, who first noted the disease
around the turn of the century. It is the most com-
mon inherited peripheral neuropathy in the world,
characterized by a slowly progressive degeneration
of the muscles in the foot, lower leg, hand, and fore-
arm and a mild loss of sensation in the limbs, fin-
gers, and toes. Full expression of CMT's clinical
symptoms generally occurs by age 30. CMT is not a
fatal disease, however, and the disorder does not
affect normal life expectancy.

CMT is a genetically heterogeneous disorder in
which mutations in different genes can produce the
same clinical symptoms. In CMT there are not only
different genes but different patterns of inheritance.

Important Links

One of the most common forms of CMT is Type 1A.
The gene for Type 1A CMT maps to chromosome 17
and is thought to code for a protein (PMP22)
involved in coating peripheral nerves with myelin, a
fatty sheath that is important for their conductance.
Other types of CMT include Type 1B, autosomal-
recessive, and X-linked.

The same proteins involved in the Type 1A and
Type 1B CMT are also involved in a disease called
Dejerine—Sottas Syndrome (DSS), in which similar
clinical symptoms are presented, but they are more
severe. Research into understanding the pathogen-
esis of CMT, through the use of animal models for
the disease, should also give insight into DSS and
may lead to therapies for both diseases.
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Charcot-Marie-Tooth Association [www.charcot-marie-tooth.org/] patient support, education and research

GeneClinics [www.geneclinics.org/profiles/cmt/] a medical genetics resource


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=charcot%20marie%20tooth
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=gene&details_term=%28%28charcot%20marie%20tooth%5BDisease%20or%20phenotype%5D%20AND%20alive%5Bprop%5D%29%20AND%20%22Homo%20sapiens%22%5BOrganism%5D%29
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4505907&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=charcot%20marie%20tooth%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=charcot%20marie%20tooth
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=charcot%20marie%20tooth
http://www.charcot-marie-tooth.org/
http://www.geneclinics.org/profiles/cmt/
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Edward Alfred Cockayne (1880-1956), after whom
this disease is named, was a London physician who
concentrated particularly on hereditary diseases of
children. Cockayne syndrome is a rare inherited dis-
order in which people are sensitive to sunlight, have
short stature, and have the appearance of premature
aging. In the classical form of Cockayne syndrome
(Type 1), the symptoms are progressive and typically
become apparent after the age of 1 year. An early
onset or congenital form of Cockayne syndrome
(Type 1l) is apparent at birth. Interestingly, unlike
other DNA repair diseases, Cockayne syndrome is
not linked to cancer.

After exposure to UV radiation (found in sun-
light), people with Cockayne syndrome can no
longer perform a certain type of DNA repair, known
as "transcription-coupled repair." This type of DNA
repair occurs "on the fly" right as the DNA that codes
for proteins is being replicated. Two genes defective
in Cockayne syndrome, CSA and CSB, have been
identified so far. The CSA gene is found on chro-
mosme 5. Both genes code for proteins that inter-
acts with components of the transcriptional machin-
ery and with DNA repair proteins.

Escherichia coli, a bacterium, also undergoes
transcription-coupled repair, and a yeast counterpart
of the CSB gene has also recently been discovered.

Important Links

These similar mechanisms to the one found in
humans are invaluable for studying the molecular
processes involved in transcription-coupled repair
because powerful molecular genetics techniques
can be used. A better understanding of the mecha-
nisms involved will help unravel the pathogenesis of
disease and may identify potential drug targets.

Cockayne syndrome

sufferers have rnulti-
systermic disorders due to

a defect in the ability of callz
to repair DMA that iz being
transcribed, [Photograph by
D, Atherton, Reproduced frorm
Lehrmann, AR, (1995) Trends
Biochern, Sci. 20, 402-405,
with permission, ]
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http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=cockayne
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=gene&details_term=%28%28cockayne%20syndrome%5BDisease%20or%20phenotype%5D%20AND%20alive%5Bprop%5D%29%20AND%20%22Homo%20sapiens%22%5BOrganism%5D%29
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4557467&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=cockayne%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=cockayne
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=cockayne
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Diastrophic dysplasia (DTD) is a rare growth disor-
der in which patients are usually short, have club
feet, and have malformed handsmand joints.
Although found in all populations, it is particularly
prevalent in Finland.

The gene whose mutation results in DTD maps
to chromosome 5 and encodes a novel sulfate
transporter. This ties in with the observation of
unusual concentrations of sulfate in various tissues
of DTD patients. Sulfate is important for skeletal
joints because cartilage—the shock-absorber of
joints—requires sulfur during its manufacture.
Adding sulfur increases the negative charge within
cartilage, which contributes to its shock-absorbing
properties.

A great deal of further research must be done

before this condition is fully understood and effective

therapies are developed.
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F.adiograph of the hand

of a patient with
diastraphic dysplasia
[Irnage credit: Eric Lander
Whitehead Institute, MIT,
Lsa, ]
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http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=DTD
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=1836
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4557539&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=diastrophic%20dysplasia%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=diastrophic%20dysplasia
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=222600
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Duchenne muscular dystrophy (DMD) is one of a
group of muscular dystrophies characterized by the
enlargement of muscles. DMD is one of the most
prevalent types of muscular dystrophy and is charac-
terized by rapid progression of muscle degeneration
that occurs early in life. All are X-linked and affect
mainly males—an estimated 1 in 3500 boys world-
wide.

The gene for DMD, found on the X chromosome,
encodes a large protein—dystrophin. Dystrophin is
required inside muscle cells for structural support; it
is thought to strengthen muscle cells by anchoring
elements of the internal cytoskeleton to the surface
membrane. Without it, the cell membrane becomes
permeable, so that extracellular components enter
the cell, increasing the internal pressure until the
muscle cell "explodes" and dies. The subsequent
immune response can add to the damage.

Important Links

A mouse model for DMD exists and is proving
useful for furthering our understanding on both the
normal function of dystrophin and the pathology of
the disease. In particular, initial experiments that
increase the production of utrophin, a dystrophin
relative, in order to compensate for the loss of dys-
trophin in the mouse are promising and may lead to
the development of effective therapies for this devas-
tating disease.

OO 1T evswornn {1 RO
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Dystrophin and utrophin are a similar

size and have cornparable rnodular
architecture, Thiz similarity mmeans that
utrophin can sormetirmes substitute for
dystrophin, so providing a potertial route
for therapy for rmuscular dystrophy sufferers,
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Muscular Dystrophy Association [http://www.mdausa.org/home.html] for Research and Care news

Parent Project [www.parentdmd.org/] Muscular Dystrophy Research for all


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=DMD
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=1756
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=5032281&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=DUCHENNE%20MUSCULAR%20DYSTROPHY%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=DUCHENNE%20MUSCULAR%20DYSTROPHY
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=310200
http://www.mdausa.org/home.html
http://www.parentdmd.org/
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Ellis-van Creveld syndrome

Ellis-van Creveld syndrome, also known as "chon- generation to generation. A pattern of inheritance
droectodermal dysplasia," is a rare genetic disorder can be observed that has indicated the disease is
characterized by short-limb dwarfism, polydactyly autosomal-recessive (i.e. a mutated gene form both
(additional fingers or toes), malformation of the parents is required before the effects of the disease
bones of the wrist, dystrophy of the fingernails, par- to become apparent).

tial hare-lip, cardiac malformation, and often prenatal
eruption of the teeth.

The gene causing Ellis-van Creveld syndrome,
EVC, has been mapped to the short arm of chromo-
some 4. As yet, the function of a healthy EVC gene
is not known; this is one of the most important ques-
tions that must be answered about the disease,

since it would give an indication as to the molecular

mechanism of the disease. Ellis-van Creveld syndrome.
The search for a malecular

Ellis-van Creveld syndrome is often seen among basis for the disease is

i . on-going, Image credit:

the Old Order Amish community in Lancaster Clernert D, Erhardt, I,

. . B altirnore, MO, USA,
County, Pennsylvania. Because this group of people SRRENR

is small and isolated, it affords a rare opportunity to
observe the passage of this particular disorder from
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http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=EVC
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=2121
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=7657073&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=EVC%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=EVC
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=225500
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Fibrodysplasia ossificans progressiva

Muscle and Bone

Fibrodysplasia Ossificans Progressiva (FOP) is an
extremely rare genetic disease that causes muscle
to be turned into bone. The condition was first
reported in the 17th century by Patin, a French
physician, who described a woman who "turned into
wood". The wood he described was actually the for-
mation of new bone.

FOP is an autosomal dominant condition, but
most cases are sporadic. FOP patients have a
genetic fault, which means that their bodies cannot
switch off the mechanism that grows the skeleton in
the womb. Any small injury to connective tissue
(muscles, ligaments, and tendons) can result in the
formation of hard bone around the damaged site.
Children are born with a characteristic malformation
of the great toes and begin to develop heterotopic
(extra) bone formation during early childhood. Even-
tually, a second skeleton begins to form that
severely restricts mobility.

FOP affects 1 of 2 million people. Because of
the very small numbers of patients, identifying the
mutation(s) causing FOP is difficult. There are sev-
eral genes that have been implicated in the disease
process. For example, when the Noggin gene (NOG)
is deleted in mice, the mice are unable to stop the
deposition of bone, causing an FOP-like disease.
Another gene of interest is the Bone Morphogenic
Protein gene (BMP), which Noggin regulates. Pro-
teins encoded by BMP induce bone formation, and

Important Links

one of their roles is to stimulate the formation of the
fetal skeleton. In FOP, lymphocytes deliver BMP4 to
areas of damaged muscle, and so initiate bone
growth rather than aid tissue repair.

It is hoped that future studies will pinpoint the
mutation(s) occurring in FOP and lead to a better
understanding of the disease’s mechanism.

Skeleton of Harry
Eastlack, who had
FOP. Connective
tizzue onthe back

has turned into bone.

Coewde Sy of Waller
Meseun, Colege off
FPhymicians of Philadeinkia.
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International Fibrodysplasia Ossificans Progressiva Association [http://www.ifopa.org/] further information and patient support


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=fibrodysplasia+ossificans+progressiva
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=50946
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=19528650&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=fibrodysplasia+ossificans+progressiva%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=fibrodysplasia+ossificans+progressiva
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=135100
http://www.ifopa.org/

Marfan syndrome

Marfan syndrome is a connective tissue disorder, so
affects many structures, including the skeleton,
lungs, eyes, heart and blood vessels. The disease is
characterized by unusually long limbs, and is
believed to have affected Abraham Lincoln.

Marfan syndrome is an autosomal dominant
disorder that has been linked to the FBN1 gene on
chromosome 15. FBN1 encodes a protein called
fibrillin, which is essential for the formation of elastic
fibres found in connective tissue. Without the struc-
tural support provided by fibrillin, many tissues are
weakened, which can have severe consequences,
for example, ruptures in the walls of major arteries.

Beta blockers have been used to control some
of the cardiovascular symptoms of Marfan syn-
drome; however, they are not effective against the
skeletal and ocular problems, which can also be
serious. A related disease has been found in mice,
and it is hoped that the study of mouse fibrillin syn-
thesis and secretion, and connective tissue forma-
tion, will further our understanding Marfan syndrome
in humans.

Important Links
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To see the interactive version of this figure
requires Cn3D [www.nchi.nIm.nih.gov/Structure/
CN3D/cn3d.shtml], a three-dimensional structure
viewer.

The fibrillin protein, mutated i
has a = i
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National Marfan Foundation [www.marfan.org/] nonprofit organization
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http://www.ncbi.nlm.nih.gov/Structure/CN3D/cn3d.shtml
http://www.ncbi.nlm.nih.gov/books/bookres.fcgi/diabetes/fib.prt
http://www.ncbi.nlm.nih.gov/books/bookres.fcgi/diabetes/fib.prt
http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=marfan
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=2200
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4557591&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=marfan%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=marfan
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=154700
http://www.marfan.org/
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Myotonic dystrophy

Muscle and Bone

Myotonic dystrophy is an inherited disorder in which
the muscles contract but have decreasing power to
relax. With this condition, the muscles also become
weak and waste away. Myotonic dystrophy can
cause mental deficiency, hair loss and cataracts.
Onset of this rare disorder commonly occurs during
young adulthood. However, it can occur at any age
and is extremely variable in degree of severity.

The myotonic dystrophy gene, found on chro-
mosome 19, codes for a protein kinase that is found
in skeletal muscle, where it likely plays a regulatory
role.

An unusual feature of this iliness is that its symp-
toms usually become more severe with each suc-
cessive generation. This is because mistakes in the
faithful copying of the gene from one generation to
the next result in the amplification of a genomic
'AGC/CTG triplet repeat’, similar to that found in
Huntington disease. Unaffected individuals have

Important Links

between 5 and 27 copies of AGC/CTG, myotonic
dystrophy patients who are minimally affected have
at least 50 repeats, while more severely affected
patients have an expansion of up to several kilobase
pairs.

Expanding afiele

3
3

‘Hormal’ allele

T T E——

Diseases such as myotonic dystraphy (DM)
result from the effects of an expansion of a
repeat sequence [red arrows) of DA, In the
case of DM, it iz not yet clear whether the
expanzion effects just the royotonic dystrophy
protein kinase gene, or multiple genes,
[Reproduced fromm Richards, R.L and
Sutherland, SR, (1997) Trends Biochern, Sai.
22, 432-43, with perrnizssion, ]
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GeneClinics [www.geneclinics.org/profiles/myotonic-d/] a medical genetics resource
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http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=myotonic%20dystrophy
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=1760
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=10334852&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=myotonic+dystrophy%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=myotonic+dystrophy
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=160900
http://www.geneclinics.org/profiles/myotonic-d/
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Neonatal Diseases

The human genome is often referred to as a "blueprint" and contains all of the information and
instructions necessary for defining a human being. The term genome refers collectively to the DNA
and associated protein molecules contained in an organism or a cell. The human genome consists
of 23 pairs of chromosomes — threadlike packages of genes and other DNA — with each parent
contributing one chromosome to each pair.

A gene is a specific sequence of DNA and is actually the functional unit of inheritance. Most
genes contain the information needed to make a protein, or molecules that carry out all of a cell's
vital activities. Therefore, slight variations in genes lead to slight changes in a protein. Although
some human diseases are explained by alterations in a single gene or of a single chromosome,
most are complex and may involve multiple genes and protein pathways.

A myriad of genes, as well as environmental factors, are believed to control the complex and
integrated processes necessary for fetal development. When one or more of these processes goes
awry, it can result in the birth of an individual with a genetic alteration. Scientific studies, often those
that use other organisms as a model, will provide information about biological and regulatory
processes involved in human development and will identify critical pathways in which genetic
changes result in disease. This information will come not only from human studies, but also from
other model organisms — such as mouse or yeast — that can provide insights into how key genes
operate in complex systems.
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Achondroplasia

Neonatal Diseases

Achondroplasia is a Greek word meaning "without
cartilage formation" and is one of the most common
causes of dwarfism. The appearance is of short
stature with disproportionately short arms and legs
and a large head. The characteristic facial features
include a prominent forehead and a flattened bridge
of the nose.

Although this condition can be inherited in an
autosomal dominant manner, 80% of cases are due
to new, sporadic mutations. Mutations involve the
gene encoding fibroblast growth factor receptor 3
(FGFR3), situated on chromosome 4. Most com-
monly, a point mutation causes the substitution of
arginine for glycine (G380R) in the transmembrane
region of the receptor.

There is growing evidence that mutations of
FGF3R confer a "gain of function”. It is proposed
that the normal function of FGFR3 is to slow down
the formation of bone by inhibiting the proliferation of
chondrocytes, the cells that produce cartilage. The
mutation increases the activity of FGFR3, severely
limiting bone growth.

This theory is supported by the knock-out mouse
model in which the receptor is absent, and so the
negative regulation of bone formation is lost. The
result is a mouse with excessively long bones and
elongated vertebrae, resulting in a long tail. Achon-
droplastic mouse models are useful tools in develop-
ing potential treatments.

Important Links

Achondroplasia. This girl
has disproportionate
shortening of the lirmbs

that is more marked in the
upper arms and upper

legs (rhizomelic shortening).
ohe also has a prominent
forehead (frontal bossing)
and depressed nasal
bridge.

[lmage credit: Jorde, Carey,
Bamzhad, White; Medica
Gendics 2rd Edition (T) 1993,
with penmizzion from Elzavier)]
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GeneReviews [www.genetests.org/profiles/achondroplasia] a medical genetics resource


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=achondroplasia
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=2261
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=20452381&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=achondroplasia%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=achondroplasia
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=100800
http://www.genetests.org/profiles/achondroplasia

Angelman syndrome

Angelman syndrome (AS) is an uncommon heuro-

genetic disorder characterized by mental retardation,

abnormal gait, speech impairment, seizures, and an
inappropriate happy demeanor that includes fre-
guent laughing, smiling, and excitability. The unco-
ordinated gait and laughter have caused some

people to refer to this disorder as the "happy puppet"”

syndrome.

The genetic basis of AS is very complex, but the

majority of cases are due to a deletion of segment
15¢g11-q13 on the maternally derived chromosome
15. When this same region is missing from the
paternally derived chromosome, an entirely different
disorder, Prader—Willi syndrome, results. This phe-
nomenon—when the expression of genetic material
depends on whether it has been inherited from the
mother or the father—is termed genomic imprinting.

The ubiquitin ligase gene (UBE3A) is found in
the AS chromosomal region. It codes for an enzyme
that is a key part of a cellular protein degradation
system. AS is thought to occur when mutations in
UBES3A disrupt protein break down during brain
development.

In a mouse model of AS, affected animals had
much less maternally inherited UBE3A than their
unaffected litter mates. However, this difference in
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UBES3A levels was only found in the hippocampus
and the cerebellum, and not all of the brain. This
animal model and other molecular techniques are
helping us learn more about the disparate maternal
and paternal expression of the UBE3A gene.

Chrormosorne pairting techniques such
as M-FISH tirt each pair of the 24
hurnan chromasornes a different color,
This allow = the fragrmert (arrow head)
to be idertified as an extra pisce of
chromnosorne 15, since it iz the same
aqua color asthe twa normal copies of
chramosorne 15 [arrows), This
technique may helpin the diagrnosiz of
genetic dizorder s that arize fram
chromosornal changes too subtle for
convertional techniques,

[Reproduced with perrrission frorm
Uhrig, 5. et al, (1299) Multiplex-Fish
for pre- and postnatal diagnostic
applications. Arm ] Hurn Genet, Aug;
653(21:442-62, publizhed by the
University of Chicago Press, copyright
1999 by the American Society for
Hurnan Senetics, All rights reserved. ]
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Angelman Syndrome Foundation [http://www.angelman.org/] provides information, education and support

GenecClinics [www.geneclinics.org/profiles/angelman/] a medical genetics resource


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=angelman
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=7337
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4507799&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=angelman%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=angelman
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=105830
http://www.angelman.org/
http://www.geneclinics.org/profiles/angelman/
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Cockayne syndrome

Neonatal Diseases

Edward Alfred Cockayne (1880-1956), after whom
this disease is named, was a London physician who
concentrated particularly on hereditary diseases of
children. Cockayne syndrome is a rare inherited dis-
order in which people are sensitive to sunlight, have
short stature, and have the appearance of premature
aging. In the classical form of Cockayne syndrome
(Type 1), the symptoms are progressive and typically
become apparent after the age of 1 year. An early
onset or congenital form of Cockayne syndrome
(Type 1l) is apparent at birth. Interestingly, unlike
other DNA repair diseases, Cockayne syndrome is
not linked to cancer.

After exposure to UV radiation (found in sun-
light), people with Cockayne syndrome can no
longer perform a certain type of DNA repair, known
as "transcription-coupled repair." This type of DNA
repair occurs "on the fly" right as the DNA that codes
for proteins is being replicated. Two genes defective
in Cockayne syndrome, CSA and CSB, have been
identified so far. The CSA gene is found on chro-
mosme 5. Both genes code for proteins that inter-
acts with components of the transcriptional machin-
ery and with DNA repair proteins.

Escherichia coli, a bacterium, also undergoes
transcription-coupled repair, and a yeast counterpart
of the CSB gene has also recently been discovered.
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These similar mechanisms to the one found in
humans are invaluable for studying the molecular
processes involved in transcription-coupled repair
because powerful molecular genetics techniques
can be used. A better understanding of the mecha-
nisms involved will help unravel the pathogenesis of
disease and may identify potential drug targets.

Cockayne syndrome

sufferers have rnulti-
systermic disorders due to

a defect in the ability of callz
to repair DMA that iz being
transcribed, [Photograph by
D, Atherton, Reproduced frorm
Lehrmann, AR, (1995) Trends
Biochern, Sci. 20, 402-405,
with permission, ]
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http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=cockayne
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=gene&details_term=%28%28cockayne%20syndrome%5BDisease%20or%20phenotype%5D%20AND%20alive%5Bprop%5D%29%20AND%20%22Homo%20sapiens%22%5BOrganism%5D%29
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4557467&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=cockayne%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=cockayne
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=cockayne
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Cystic fibrosis

Neonatal Diseases

Cystic fibrosis (CF) is the most common fatal genetic
disease in the United States today. It causes the
body to produce a thick, sticky mucus that clogs the
lungs, leading to infection, and blocks the pancreas,
stopping digestive enzymes from reaching the
intestines where they are required to digest food.

CF is caused hy a defective gene, which codes
for a chloride transporter found on the surface of the
epithelial cells that line the lungs and other organs.
Several hundred mutations have been found in this
gene, all of which result in defective transport of
chloride, and secondarily sodium, by epithelial cells.
As a result, the amount of sodium chloride (salt) is
increased in bodily secretions. The severity of the
disease symptoms of CF is directly related to the
characteristic effects of the particular mutation(s)
that have been inherited by the sufferer.

CF research has accelerated sharply since the
discovery of CFTR in 1989. In 1990, scientists suc-
cessfully cloned the normal gene and added it to CF
cells in the laboratory, which corrected the defective
chloride transport mechanism. This technigue—gene
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therapy—was then tried on a limited number of CF
patients. However, this treatment may not be as
successful as originally hoped. Further research will
be required before gene therapy, and other experi-
mental treatments, prove useful in combating CF.

Building mouse models of
human dizease. Expression
of 3 human cystic fibrosis
[CFTR) gene inthe gut of 3
mouse. A human antisense
probewas used toshonw
human CFTR expressedin
the mouse duodenum.
[Reproduced with permission
from bdanson, AL et al
(1997 EMBO J. 15, 42535-4248 ]
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Fact sheet [www.nhlbi.nih.gov/health/public/lung/other/cystfib.htm] from the National Heart, Lung and Blood Institute, NIH

The Cystic Fibrosis Foundation [www.cff.org/] information and links


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=cystic%20fibrosis
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=1080
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=6995996&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=cystic%20fibrosis%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=cystic%20fibrosis
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=cystic%20fibrosis
http://www.nhlbi.nih.gov/health/public/lung/other/cystfib.htm
http://www.cff.org/
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DiGeorge syndrome

Neonatal Diseases

DiGeorge syndrome is a rare congenital (i.e. present
at birth) disease whose symptoms vary greatly
between individuals but commonly include a history
of recurrent infection, heart defects, and characteris-
tic facial features.

DiGeorge syndrome is caused by a large dele-
tion from chromosome 22, produced by an error in
recombination at meiosis (the process that creates
germ cells and ensures genetic variation in the off-
spring). This deletion means that several genes from
this region are not present in DiGeorge syndrome
patients. It appears that the variation in the symp-
toms of the disease is related to the amount of
genetic material lost in the chromosomal deletion.

Although researchers now know that the DGS
gene is required for the normal development of the
thymus and related glands, counteracting the loss of
DGS is difficult. Some effects, for example the car-
diac problems and some of the speech impairments,
can be treated either surgically or therapeutically,
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but the loss of immune system T-cells (produced by
the thymus) is more challenging and requires further
research on recombination and immune function.

Celetion of genes in DiGeorge
syndrorme can be visualized by 2
fluareszcert zsignal an only one of the
twao copies of chromnosome 22 [Immage
credit: David Ian Wilson, University of
Mew castle upon Tyne, UK, ]
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Information and support [www.kumc.edu/gec/support/digeorge.html] for DiGeorge syndrome

GeneClinics [www.geneclinics.org/profiles/22ql1deletion/] a medical genetics resource


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=DiGeorge
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=1714
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=13027630&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=DiGeorge%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=DiGeorge
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=DiGeorge
http://www.kumc.edu/gec/support/digeorge.html
http://www.geneclinics.org/profiles/22q11deletion/

Fragile X syndrome

Fragile X syndrome is the most common inherited
form of mental retardation currently known. Fragile X
syndrome is a defect in the X chromosome and its
effects are seen more frequently, and with greater
severity, in males than females.

In normal individuals, the FMR1 gene is trans-
mitted stably from parent to child. However, in Frag-
ile X individuals, there is a mutation in one end of the
gene (the 5' untranslated region), consisting of an
amplification of a CGG repeat. Patients with fragile X
syndrome have 200 or more copies of the CGG
motif. The huge expansion of this repeat means that
the FMR1 gene is not expressed, so no FMRL1 pro-
tein is made. Although the exact function of FMR1
protein in the cell is unclear, it is known that it binds
RNA.

A similar nucleotide repeat expansion is seen in
other diseases, such as Huntington disease.
Research in mice has proven helpful in elucidating
some of the mechanisms that cause the instability of
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this gene. Our methods for identifying carriers of
Fragile X syndrome have also improved, and further
research will help people carrying "premutations” to
avoid having children who have a larger expansion
(i.e. more CGG repeats) in FMR1, and therefore
suffer from Fragile X syndrome.

An unstable nuclectide

repeat is associated with
the most cornrmon form of
rnental retardation known
az Fragile ¥ syndrorme,
[Irnage credit: Steve
Wiarren, Ermory University
School of Medicine,
Atlarta, GA, USA,]
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Fact sheet [http://www.nichd.nih.gov/publications/pubs/fragileX/index.htm] from the National Institute of Child Health and Human

Development, NIH

National Fragile X Foundation [www.fragilex.org] US-based research, information and support

GenecClinics [www.geneclinics.org/profiles/fragilex/] a medical genetics resource


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=Fragile+X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=gene&details_term=%22Fragile%20X%22%5BAll%20Fields%5D%20AND%20%22Homo%20sapiens%22%5BOrganism%5D%20AND%20alive%5Bprop%5D
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4503765&org=1
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Marfan syndrome

Marfan syndrome is a connective tissue disorder, so To see the interactive version of this figure
affects many structures, including the skeleton, requires Cn3D [www.ncbi.nlm.nih.gov/Structure/
lungs, eyes, heart and blood vessels. The disease is CN3D/cn3d.shtml], a three-dimensional structure
characterized by unusually long limbs, and is viewer.

believed to have affected Abraham Lincoln.

Marfan syndrome is an autosomal dominant
disorder that has been linked to the FBN1 gene on
chromosome 15. FBN1 encodes a protein called
fibrillin, which is essential for the formation of elastic
fibres found in connective tissue. Without the struc-
tural support provided by fibrillin, many tissues are
weakened, which can have severe consequences,
for example, ruptures in the walls of major arteries.

Beta blockers have been used to control some ;:‘ :tri"in—F chein, mutated
of the cardiovascular symptoms of Marfan syn-
drome; however, they are not effective against the

skeletal and ocular problems, which can also be
serious. A related disease has been found in mice,
and it is hoped that the study of mouse fibrillin syn-

thesis and secretion, and connective tissue forma-
tion, will further our understanding Marfan syndrome
in humans.
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Prader-Willi syndrome

Prader-Willi syndrome (PWS) is an uncommon inher-
ited disorder characterized by mental retardation,
decreased muscle tone, short stature, emotional
lability and an insatiable appetite which can lead to
life-threatening obesity. The syndrome was first
described in 1956 by Drs. Prader, Labhart, and Willi.

PWS is caused by the absence of segment 11-
13 on the long arm of the paternally derived chromo-
some 15. In 70-80% of PWS cases, the region is
missing due to a deletion. Certain genes in this
region are normally suppressed on the maternal
chromosome, so, for normal development to occur,
they must be expressed on the paternal chromo-
some. When these paternally derived genes are
absent or disrupted, the PWS phenotype results.
When this same segment is missing from the mater-
nally derived chromosome 15, a completely different
disease, Angelman syndrome, arises. This pattern of
inheritance — when expression of a gene depends
on whether it is inherited from the mother or the
father — is called genomic imprinting. The mecha-
nism of imprinting is uncertain, but, it may involve
DNA methylation.

Genes found in the PWS chromosomal region
code for the small ribonucleoprotein N (SNRPN).
SNRPN is involved in mRNA processing, an inter-
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mediate step between DNA transcripton and protein
formation. A mouse model of PWS has been devel-
oped with a large deletion which includes the
SNRPN region and the PWS 'imprinting centre' (IC)
and shows a phenotype similar to infants with PWS.
These and other molecular biology techniques may
lead to a better understanding of PWS and the
mechanisms of genomic imprinting.

In the Prader-Willi syndrome {PWS) call
abova, the maternally darived chromo-
some 15 (red arrow) shows bwo signals:
ane fram a control area (which 5 also
saan in the patemally derved chroma-
same [yellow arrow]) and anather, which
is from the PWS region. This signal is
missing from the paternal chromosomea
because the regian is deletad in this
PWS patient. [Reproducad with parmis-
sion from Martin et al. (1998) Am J Psy-
chiatry Sep;155({9):1265-73.]
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Severe combined immunodeficiency

Neonatal Diseases

Severe combined immunodeficiency (SCID) repre-
sents a group of rare, sometimes fatal, congenital
disorders characterized by little or no immune
response. The defining feature of SCID, commonly
known as "bubble boy" disease, is a defect in the
specialized white blood cells (B- and T-lymphocytes)
that defend us from infection by viruses, bacteria
and fungi. Without a functional immune system,
SCID patients are susceptible to recurrent infections
such as pneumonia, meningitis and chicken pox,
and can die before the first year of life. Though inva-
sive, new treatments such as bone marrow and
stem-cell transplantation save as many as 80% of
SCID patients.

All forms of SCID are inherited, with as many as
half of SCID cases linked to the X chromosome,
passed on by the mother. X-linked SCID results from
a mutation in the interleukin 2 receptor gamma
(IL2RG) gene which produces the common gamma
chain subunit, a component of several IL receptors.
IL2RG activates an important signalling molecule,
JAK3. A mutation in JAKS, located on chromosome
19, can also result in SCID. Defective IL receptors
and IL receptor pathways prevent the proper devel-
opment of T-lymphocytes that play a key role in
identifying invading agents as well as activating and
regulating other cells of the immune system.

In another form of SCID, there is a lack of the
enzyme adenosine deaminase (ADA), coded for by
a gene on chromosome 20. This means that the

Important Links

substrates for this enzyme accumulate in cells.
Immature lymphoid cells of the immune system are
particularly sensitive to the toxic effects of these
unused substrates, so fail to reach maturity. As a
result, the immune system of the afflicted individual
is severely compromised or completely lacking.

Some of the most promising developments in
the search for new therapies for SCID center on
'SCID mice', which can be bred deficient in various
genes including ADA, JAK3, and IL2RG. It is now
possible to reconstitute the impaired mouse immune
system by using human components, so these ani-
mals provide a very useful model for studying both
normal and pathological immune systems in biomed-
ical research.

Gene therapy has been
stternpted to treat zevere
cornbined irmmunodeficiency
caused by a mizsing enzyme,
adenosine dearninase, [Irmage
credit: Mational Cancer
Institute, ]
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SCID Factsheet [www.niaid.nih.gov/factsheets/pid.htm] from the National Institute of Allergy and Infectious Diseases, National
Institutes of Health
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Waardenburg syndrome

Neonatal Diseases

The main characteristics of Waardenburg syndrome
(WS) include: a wide bridge of the nose; pigmentary
disturbances such as two different colored eyes,
white forelock and eyelashes and premature graying
of the hair; and some degree of cochlear deafness.
The disease was named for Petrus Johannes Waar-
denburg, a Dutch ophthalmologist (1886-1979) who
was the first to notice that people with two different
colored eyes frequently had hearing problems.

The several types of WS are inherited in domi-
nant fashion, so researchers typically see families
with several generations who have inherited one or
more of the features. Type | of the disorder is char-
acterized by displacement of the fold of the eyelid,
while Type Il does not include this feature, but
instead has a higher frequency of deafness.

The discovery of the human gene that causes
Type | WS came about after scientists speculated
that the gene that causes 'splotch mice' (mice with a
splotchy coat coloring) might be the same gene that
causes WS in humans. They located the human
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gene to chromosome 2 and found it was the same
as mouse Pax3. Pax3 is one of a family of eight
mouse Pax genes that are involved in regulating
embryonic development at the level of transcription.

With a mouse model to draw from, scientists are
learning much about how Pax3 causes Waarden-
burg syndrome.

= -
=

Part of 2 pedigres of
Waardenburg syndrorme,
indicating the occurrence of
deasfness and changes in
pigmentation, including a

w hite forelock, [Irmnage
credit: Wictor Mckusick,
Johnz Hopkins Uriversity,
Baltirmaore, MO, USA, ]
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Werner syndrome

Neonatal Diseases

Werner syndrome is a premature aging disease that
begins in adolescence or early adulthood and results
in the appearance of old age by 30-40 years of age.
Its physical characteristics may include short stature
(common from childhood on) and other features
usually developing during adulthood: wrinkled skin,
baldness, cataracts, muscular atrophy and a ten-
dency to diabetes mellitus, among others.

The disorder is inherited and transmitted as an
autosomal recessive trait. Cells from WS patients
have a shorter lifespan in culture than do normal
cells. The gene for Werner disease (WRN) was
mapped to chromosome 8 and cloned: by comparing
its sequence to existing sequences in GenBank, it is
a predicted helicase belonging to the RecQ family.
However, it has yet to be shown to have real heli-
case activity (as a DNA unwinder important for DNA
replication). The molecular role of WRN in Werner
syndrome therefore remains to be proven, as does
any role it might have in the aging process in gen-
eral.

Important Links

A yeast protein similar to the human WRN pro-
tein, called SGS1, has been found. Mutations in
SGS1 cause yeast to have a shorter lifespan than
yeast cells without the mutation, and shown other
signs typical of aging in yeast, such as an enlarged
and fragmented nucleolus. Using yeast as a model
for human aging in general, may give insight into the
mechanisms of Werner syndrome and related dis-

eases.

T Y

Taking its tall, As a teenager ([laft] this
Japanese Arnerican looked normal, but

by age 42, the effects of Werner's syndrorne
were readily apparent. [Image credit: William
and Wilkens Publishing Inc. ]
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Williams syndrome

Williams syndrome is a rare congenital disorder
characterized by physical and development prob-
lems. Common features include characteristic "elfin-
like" facial features, heart and blood vessel prob-
lems, irritability during infancy, dental and kidney
abnormalities, hyperacusis (sensitive hearing) and
musculoskeletal problems. Although individuals with
Williams syndrome may show competence in areas
such as language, music and interpersonal relations,
their 1Qs are usually low.

In Williams syndrome individuals, both the gene
for elastin and an enzyme called LIM kinase are
deleted. Both genes map to the same small area on
chromosome 7. In normal cells, elastin is a key
component of connective tissue, conferring its elastic
properties. Mutation or deletion of elastin lead to the
vascular disease observed in Williams syndrome.
On the other hand, LIM kinase is strongly expressed
in the brain, and deletion of LIM kinase is thought to
account for the impaired visuospatial constructive
cognition in Williams syndrome.

Williams syndrome is a contiguous disease,
meaning that the deletion of this section of chromo-
some 7 may involve several more genes. Further
study will be required to round up all the genes
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deleted in this disease. The remarkable musical and
verbal abilities of individuals with Williams syndrome,
and their tendency to be very sociable, has lead to
the suggestion that children with Williams syndrome
were an inspiration for folktales and legends, as the
'‘wee, magical people' were often musicians and sto-
rytellers.

Williarns syndromne is caused by a deletion of
part of chrorozorme 7 that includes the LIM
kinase and elastin coding sequences, Above,
thiz zequence [ stained red) can no langer be
seen in the chrormosorne with the deletion
[green arrow ), [Photograph kindly provided by
L. 5. Shaffer, Baylor College of Medicine. ]
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Zellweger syndrome

Neonatal Diseases

Zellweger syndrome is a rare hereditary disorder
affecting infants, and usually results in death.
Unusual problems in prenatal development, an
enlarged liver, high levels of iron and copper in the
blood, and vision disturbances are among the major
manifestations of Zellweger syndrome.

The PXR1 gene has been mapped to chromo-
some 12; mutations in this gene cause Zellweger
syndrome. The PXR1 gene product is a receptor
found on the surface of peroxisomes - microbodies
found in animal cells, especially liver, kidney and
brain cells. The function of peroxisomes is not fully
understood, although the enzymes they contain
carry out a number of metabolically important reac-
tions. The PXR1 receptor is vital for the import of
these enzymes into the peroxisomes: without it func-
tioning properly, the peroxisomes can not use the
enzymes to carry out their important functions, such
as cellular lipid metabolism and metabolic oxida-
tions.

There is a yeast homolog to human PXR1,
which should allow powerful molecular genetic tech-
nigues to be used in the investigation of the normal
role of peroxisomes in cells, as well as the molecular
events that occur in disease states.
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Peroxisornes are not detected
in Zellweager syndrome
fibroblasts (a), but can be
reconstituted by transfection
with PXR1 gene [b). [Irmage
credit: Mancy Braverran,
Gabrielle Dodt, Hugao Maser,
Stephen Gould and David WValle,
Johns Hopkins UMiversity,
Baltimare, MO, USA,
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The Nervous System

Arryglela

e of the rajor areas in which malecular
genetics will play an importart rale in the future
iz in cornplex disorders like schizophrenia and
depresszion, The figure show s areas of increased
bBloadflow (red hotspots) in the left armygdala
and the medial arbital cortex of a person with
farnilial, major depressive arder, The rmolecular
basiz for this cbservation, and others like it,
rernain a challenge for the future, [Reproduced
fromn Andreasen, NC (1997 Science 275, 1526-
1593, with perrmission, ]

The brain and nervous system form an intricate network of electrical signals that are responsible for
coordinating muscles, the senses, speech, memories, thought and emotion.

Several diseases that directly affect the nervous system have a genetic component: some are
due to a mutation in a single gene, others are proving to have a more complex mode of inheritance.
As our understanding of the pathogenesis of neurodegenerative disorders deepens, common
themes begin to emerge: Alzheimer brain plagues and the inclusion bodies found in Parkinson
disease contain at least one common component, while Huntington disease, fragile X syndrome
and spinocerebellar atrophy are all 'dynamic mutation' diseases in which there is an expansion of a
DNA repeat sequence. Apoptosis is emerging as one of the molecular mechanisms invoked in
several neurodegenerative diseases, as are other, specific, intracellular signaling events. The
biosynthesis of myelin and the regulation of cholesterol traffic also figure in Charcot-Marie-Tooth
and Neimann-Pick disease, respectively.



Genes and Disease

Adrenoleukodystrophy

The Nervous System

Adrenoleukodystrophy (ALD) is a rare, inherited
metabolic disorder that afflicts the young boy
Lorenzo Odone, whose story is told in the 1993 film
"Lorenzo's oil." In this disease, the fatty covering
(myelin sheath) on nerve fibers in the brain is lost,
and the adrenal gland degenerates, leading to pro-
gressive neurological disability and death.

People with ALD accumulate high levels of satu-
rated, very long chain fatty acids in their brain and
adrenal cortex because the fatty acids are not bro-
ken down by an enzyme in the normal manner. So,
when the ALD gene was discovered in 1993, it was
a surprise that the corresponding protein was in fact
a member of a family of transporter proteins, not an
enzyme. It is still a mystery as to how the transporter
affects the function the fatty acid enzyme and, for
that matter, how high levels of very long chain fatty
acids cause the loss of myelin on nerve fibers.

More recently, all the transporters related to ALD
protein have been found in the yeast Saccha-
romyces cerevisiae, and a mouse model for the
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human disease has been developed. These and
other molecular biology approaches should further
our understanding of ALD and hasten our progress
toward effective therapies.

Muelin-stained section of brain
in adrenoleukody strophy, sha-
wing build-up of long-chain
fatty acids [With thanks to
K.evin Roth and Robert
Schrnidt, Washington
University, St. Louis, Mo, USA,
for supplying the image. ]
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Alzheimer disease

The Nervous System

Alzheimer disease (AD) is the fourth leading cause
of death in adults. The incidence of the disease rises
steeply with age. AD is twice as common in women
than in men, although former president Ronald Rea-
gan is a well known disease sufferer. Some of the
most frequently observed symptoms of the disease
include a progressive inability to remember facts and
events and, later, to recognize friends and family.

AD tends to run in families; currently, mutations
in four genes, situated on chromosomes 1, 14, 19,
and 21, are believed to play a role in the disease.
The best-characterized of these are PS1 (or AD3) on
chromosome 14 and PS2 (or AD4) on chromosome
1. The formation of lesions made of fragmented
brain cells surrounded by amyloid-family proteins are
characteristic of the disease. Interestingly, these
lesions and their associated proteins are closely
related to similar structures found in Down Syn-
drome. Tangles of filaments largely made up of a
protein associated with the cytoskeleton have also
been observed in samples taken from Alzheimer
brain tissue.

Currently, scientists are studying the interrela-
tionship between the various gene loci (particularly
the mutation on chromosome 21) and how environ-
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mental factors could effect a person's susceptibility
to AD. Recently, use of a mouse model of the dis-
ease identified an enzyme that may be responsible
for the increase in amyloid production characteristic
of AD. If a way to regulate this enzyme could be
found, then AD may be slowed or halted in some
people.

Alzheimer
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Brain scans of a healthy
elderly perzon and a
patient with Alzheirmer's
disease, [Image supplied
K.eith Johnzon, Bringham
and Wormen's Hospital,
Baston, Ma, USA,]
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Alzheimer's Association [www.alz.org/] or call 1-800-272-3900

Alzheimer's Disease Education and Referral Center [www.alzheimers.org/] a service of the National Institute on Aging, National

Institutes of Health

GenecClinics [www.geneclinics.org/profiles/alzheimer/] a medical genetics resource

MEDLINEplus [www.nlm.nih.gov/medlineplus/alzheimersdisease.html] links on Alzheimer's disease compiled by the National Library

of Medicine
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Genes and Disease

Amyotrophic lateral sclerosis

The Nervous System

Amyotrophic lateral sclerosis (ALS) is a neurological
disorder characterized by progressive degeneration
of motor neuron cells in the spinal cord and brain,
which ultimately results in paralysis and death. The
disease takes its less-scientific name from Lou
Gehrig, a baseball player with the New York Yan-
kees in the late 1920s and 1930s, who was forced to
retire in 1939 as a result of the loss of motor control
caused by the disease.

In 1991, a team of researchers linked familial
ALS to chromosome 21. Two years later, the SOD1
gene was identified as being associated with many
cases of familial ALS. The enzyme coded for by
SOD1 carries out a very important function in cells: it
removes dangerous superoxide radicals by convert-
ing them into non-harmful substances. Defects in the
action of this enzyme mean that the superoxide radi-
cals attack cells from the inside, causing their death.
Several different mutations in this enzyme all result
in ALS, making the exact molecular cause of the
disease difficult to ascertain.

Important Links

Recent research has suggested that treatment
with drugs called antioxidants may benefit ALS
patients. However, since the molecular genetics of
the disease are still unclear, a significant amount of
research is still required to design other promising
treatments for ALS.
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The ALS Association [www.alsa.org] from the National Institute of Neurological Disorders and Stroke

MEDLINE plus [www.nIm.nih.gov/medlineplus/amyotrophiclateralsclerosis.html] links compiled by the National Library of Medicine


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=amyotrophic%20lateral%20sclerosis
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=gene&details_term=%28%28amyotrophic%20lateral%20sclerosis%5BAll%20Fields%5D%20AND%20alive%5Bprop%5D%29%20AND%20%22Homo%20sapiens%22%5BOrganism%5D%29
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4507149&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=amyotrophic%20lateral%20sclerosis%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=amyotrophic%20lateral%20sclerosis
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=105400
http://www.alsa.org
http://www.nlm.nih.gov/medlineplus/amyotrophiclateralsclerosis.html

Angelman syndrome

Angelman syndrome (AS) is an uncommon heuro-

genetic disorder characterized by mental retardation,

abnormal gait, speech impairment, seizures, and an
inappropriate happy demeanor that includes fre-
guent laughing, smiling, and excitability. The unco-
ordinated gait and laughter have caused some

people to refer to this disorder as the "happy puppet"”

syndrome.

The genetic basis of AS is very complex, but the

majority of cases are due to a deletion of segment
15¢g11-q13 on the maternally derived chromosome
15. When this same region is missing from the
paternally derived chromosome, an entirely different
disorder, Prader—Willi syndrome, results. This phe-
nomenon—when the expression of genetic material
depends on whether it has been inherited from the
mother or the father—is termed genomic imprinting.

The ubiquitin ligase gene (UBE3A) is found in
the AS chromosomal region. It codes for an enzyme
that is a key part of a cellular protein degradation
system. AS is thought to occur when mutations in
UBES3A disrupt protein break down during brain
development.

In a mouse model of AS, affected animals had
much less maternally inherited UBE3A than their
unaffected litter mates. However, this difference in

Important Links
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UBES3A levels was only found in the hippocampus
and the cerebellum, and not all of the brain. This
animal model and other molecular techniques are
helping us learn more about the disparate maternal
and paternal expression of the UBE3A gene.
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[Reproduced with perrrission frorm
Uhrig, 5. et al, (1299) Multiplex-Fish
for pre- and postnatal diagnostic
applications. Arm ] Hurn Genet, Aug;
653(21:442-62, publizhed by the
University of Chicago Press, copyright
1999 by the American Society for
Hurnan Senetics, All rights reserved. ]
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Angelman Syndrome Foundation [http://www.angelman.org/] provides information, education and support

GenecClinics [www.geneclinics.org/profiles/angelman/] a medical genetics resource
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Ataxia telangiectasia

The Nervous System

The first signs of ataxia telangiectasia (A-T) usually
appear in the second year of life as a lack of balance
and slurred speech. It is a progressive, degenerative
disease characterized by cerebellar degeneration,
immunodeficiency, radiosensitivity (sensitivity to
radiant energy, such as x-ray), and a predisposition
to cancer.

Back in 1988 the gene responsible for A-T was
mapped to chromosome 11. The subsequent identi-
fication of the gene proved difficult; it was 7 more
years until the human ATM gene was cloned. The
diverse symptoms seen in A-T reflect the main role
of ATM, which is to induce several cellular
responses to DNA damage. When the ATM gene is
mutated, these signaling networks are impaired, and
so the cell does not respond correctly to minimize
the damage.

Some of the ATM-dependent signaling pathways
are found in yeast. Because these pathways appear
to be conserved throughout evolution, they are likely
to be central to the DNA damage response.
Research into finding an effective therapy for A-T

Important Links

sufferers is likely to be helped by harnessing the
power of yeast genetics, which allows more rapid
and systematic study of the pathways affected by an
ATM mutation.
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The A-T Children's Project [www.atcp.org/] support and research information

GeneClinics [www.geneclinics.org/profiles/ataxia-telangiectasia/] a medical genetics resource


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=ataxia%20telangiectasia
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=472
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4502267&org=1
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http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=ataxia%20telangiectasia
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=208900
http://www.atcp.org/
http://www.geneclinics.org/profiles/ataxia-telangiectasia/

Genes and Disease

Charcot—Marie—Tooth syndrome

The Nervous System

Charcot—Marie—Tooth disease (CMT) is named after
its three discoverers, who first noted the disease
around the turn of the century. It is the most com-
mon inherited peripheral neuropathy in the world,
characterized by a slowly progressive degeneration
of the muscles in the foot, lower leg, hand, and fore-
arm and a mild loss of sensation in the limbs, fin-
gers, and toes. Full expression of CMT's clinical
symptoms generally occurs by age 30. CMT is not a
fatal disease, however, and the disorder does not
affect normal life expectancy.

CMT is a genetically heterogeneous disorder in
which mutations in different genes can produce the
same clinical symptoms. In CMT there are not only
different genes but different patterns of inheritance.

Important Links

One of the most common forms of CMT is Type 1A.
The gene for Type 1A CMT maps to chromosome 17
and is thought to code for a protein (PMP22)
involved in coating peripheral nerves with myelin, a
fatty sheath that is important for their conductance.
Other types of CMT include Type 1B, autosomal-
recessive, and X-linked.

The same proteins involved in the Type 1A and
Type 1B CMT are also involved in a disease called
Dejerine—Sottas Syndrome (DSS), in which similar
clinical symptoms are presented, but they are more
severe. Research into understanding the pathogen-
esis of CMT, through the use of animal models for
the disease, should also give insight into DSS and
may lead to therapies for both diseases.
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Charcot-Marie-Tooth Association [www.charcot-marie-tooth.org/] patient support, education and research

GeneClinics [www.geneclinics.org/profiles/cmt/] a medical genetics resource


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=charcot%20marie%20tooth
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http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4505907&org=1
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http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=charcot%20marie%20tooth
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=charcot%20marie%20tooth
http://www.charcot-marie-tooth.org/
http://www.geneclinics.org/profiles/cmt/
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Cockayne syndrome

The Nervous System

Edward Alfred Cockayne (1880-1956), after whom
this disease is named, was a London physician who
concentrated particularly on hereditary diseases of
children. Cockayne syndrome is a rare inherited dis-
order in which people are sensitive to sunlight, have
short stature, and have the appearance of premature
aging. In the classical form of Cockayne syndrome
(Type 1), the symptoms are progressive and typically
become apparent after the age of 1 year. An early
onset or congenital form of Cockayne syndrome
(Type 1l) is apparent at birth. Interestingly, unlike
other DNA repair diseases, Cockayne syndrome is
not linked to cancer.

After exposure to UV radiation (found in sun-
light), people with Cockayne syndrome can no
longer perform a certain type of DNA repair, known
as "transcription-coupled repair." This type of DNA
repair occurs "on the fly" right as the DNA that codes
for proteins is being replicated. Two genes defective
in Cockayne syndrome, CSA and CSB, have been
identified so far. The CSA gene is found on chro-
mosme 5. Both genes code for proteins that inter-
acts with components of the transcriptional machin-
ery and with DNA repair proteins.

Escherichia coli, a bacterium, also undergoes
transcription-coupled repair, and a yeast counterpart
of the CSB gene has also recently been discovered.

Important Links

These similar mechanisms to the one found in
humans are invaluable for studying the molecular
processes involved in transcription-coupled repair
because powerful molecular genetics techniques
can be used. A better understanding of the mecha-
nisms involved will help unravel the pathogenesis of
disease and may identify potential drug targets.

Cockayne syndrome
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D, Atherton, Reproduced frorm
Lehrmann, AR, (1995) Trends
Biochern, Sci. 20, 402-405,
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Deafness

The Nervous System

Hearing loss is extremely common and can present
at any time from infancy to old age. About 1 in 1000
infants has profound hearing impairment, with half
thought to be of genetic origin. Many deafness
genes exist, but the most common cause of hearing
loss in American and European populations is a
mutation in the connexin 26 (Cx26) gene. Cx26 has
a carrier rate of 3%, similar to that for cystic fibrosis,
and it causes about 20% of childhood deafness.
Mutations in Cx26 cause congenital syndromic
and nonsyndromic deafness—that is, the deafness
is not accompanied by other symptoms, such as
blindness. Cx26 is located on chromosome 13q11-
12 and codes for a gap junction protein called con-
nexin 26. Gap junctions are plasma membrane
channels that allow the movement of small
molecules and ions between adjacent cells. Gap

junctions of the inner ear may play a role in maintain-

ing potassium homeostasis, which is important for
inner-ear function and, thus, hearing. It has been
proposed that mutations in Cx26 may disrupt potas-
sium circulation and result in deafness.

Important Links

The discovery that Cx26 mutations are a cause
of congenital hearing loss can help in the early diag-
nosis of hearing impairment. Early identification and
management of deafness is important for the devel-
opment of language and social skills.

Cochlaa Siria vascularis
|

¥

h_ 7 - Marginal

Stapas Endalymph, healls

s with high K T
m!r 1
Inner hair
ha]ilr Ig cell
oa e -
Tl Fibrocytes
i of spiral
\H""{"" ':,—'_'I"f-]lga‘ment
Supporting
calls

Connaxin 25 (GJB2) is ona of the main proleins
invohvad in potassium (K+) homeosiasis in the cochlea
of tha innar ear. |t is found in the supporting cells,
fibracytas of tha spiral igament and in calls of the spiral
limbus. [Adapted from Steel, K.P. (1998) Scence 285,
1363-1364, with parrmission.]

Gene sequence
Genome view see gene locations
Entrez Gene collection of gene-related information

BLink [www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=6980948&o0rg=1] related sequences in different organisms

The literature
Research articles online full text
Books online books section
OMIM catalog of human genes and disorders

Websites

NIDCD [http://www.nidcd.nih.gov/] National Institute on Deafness and Other Communication Disorders
Info to Go [clerccenter.gallaudet.edu/InfoToGo/index.html] from Gallaudet University
GeneClinics [www.geneclinics.org/profiles/dfnb1/] a medical genetics resource

MEDLINEplus [www.nIm.nih.gov/medlineplus/hearingdisordersdeafness.html] links compiled by the National Library of Medicine
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Duchenne muscular dystrophy

The Nervous System

Duchenne muscular dystrophy (DMD) is one of a
group of muscular dystrophies characterized by the
enlargement of muscles. DMD is one of the most
prevalent types of muscular dystrophy and is charac-
terized by rapid progression of muscle degeneration
that occurs early in life. All are X-linked and affect
mainly males—an estimated 1 in 3500 boys world-
wide.

The gene for DMD, found on the X chromosome,
encodes a large protein—dystrophin. Dystrophin is
required inside muscle cells for structural support; it
is thought to strengthen muscle cells by anchoring
elements of the internal cytoskeleton to the surface
membrane. Without it, the cell membrane becomes
permeable, so that extracellular components enter
the cell, increasing the internal pressure until the
muscle cell "explodes" and dies. The subsequent
immune response can add to the damage.

Important Links

A mouse model for DMD exists and is proving
useful for furthering our understanding on both the
normal function of dystrophin and the pathology of
the disease. In particular, initial experiments that
increase the production of utrophin, a dystrophin
relative, in order to compensate for the loss of dys-
trophin in the mouse are promising and may lead to
the development of effective therapies for this devas-
tating disease.
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size and have cornparable rnodular
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Muscular Dystrophy Association [http://www.mdausa.org/home.html] for Research and Care news

Parent Project [www.parentdmd.org/] Muscular Dystrophy Research for all
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Epilepsy

The Nervous System

Epilepsy affects approximately 1% of the population
making it one of the most common neurological dis-
eases. Epilepsy can strike at any time of life—from
infancy to old age. While epilepsy varies widely in
type and severity, all forms of this disorder are char-
acterized by recurring seizures resulting from
abnormal cell firing in the brain. In approximately
30% of cases, epilepsy is caused by such events as
head trauma, tumor, stroke, or infection. In those
cases for which there is no known cause, recent
evidence suggests there may be genetic predisposi-
tion to developing the disease.

There are many forms of epilepsy—most are
rare. But to date, at least twelve forms of epilepsy
have been demonstrated to possess some genetic
basis. For example, LaFora Disease (progressive
myoclonic, type 2), a particularly aggressive
epilepsy, is characterized in part by the presence of
glycogen-like Lafora bodies in the brain. It is an
autosomal recessive disorder that has been linked to
mutation of the gene EPM2A, found on chromosome
6. This gene produces a phosphatase called laforin.
The regulatory function of the phosphatase may be
disrupted by mutation, leading to LaFora Disease.
Some recent work suggests that laforin may be
found in similar parts of the cell as glycogen syn-
thase, a glycogen processing enzyme, and that the
mutations may misplace laforin within the cell, lead-
ing indirectly to a loss of EPM2A function.

Important Links

Much progress has been made in narrowing
down regions of chromosomes associated with dif-
ferent forms of epilepsy. With this effort, scientists
continue to expand the list of genes involved in
seizure disorders. Animal models of epilepsy also
contribute to our understanding of electrical brain
disturbances. By focussing on the genetic basis for
epilepsy, scientists hope to develop more effective
anticonvulsive treatments and, possibly, gene
replacement therapies for seizure disorders such as
LaFora Disease.

Brainscan of a person with
frantal lobe epilepsy. Arrow
points to the focus of sezure
activity. [Image reproduced
with permission from Seeck
et al. (1983 Eleckoenceph.
Clin. Meurophys. 108, SC2-
512 ]
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Epilepsy Foundation [www.efa.org/] national foundation for epilepsy information and service

Information Sheet [www.ninds.nih.gov/health_and_medical/disorders/epilepsy.htm] from the National Institute of Neurological

Disorders and Stroke, NIH
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Genes and Disease

Essential tremor

The Nervous System

Tremor, or uncontrollable shaking, is a common
symptom of neurological disorders such as Parkin-
son disease, head trauma, and stroke. However,
many people with tremor have what is called idio-
pathic or essential tremor. In these cases, which
number 3—4 million people in the US, the tremor
itself is the only symptom of the disorder. While
essential tremor may involve other parts of the body,
the hands and head are most often affected.

In more than half of the cases, essential tremor
is inherited as an autosomal dominant trait, which
means that children of an affected individual will
have a 50% chance of also developing the disorder.
In 1997, the ETM1 gene (also called FET1) was

Important Links

mapped to chromosome 3 in a study of Icelandic
families, while another gene, called ETM2, was
mapped to chromosome 2 in a large American family
of Czech descent. That two genes for essential
tremor have been found on two different chromo-
somes demonstrates that mutations in a variety of
genes may lead to essential tremor.

While the mainstays of treatment are drugs such
as propranolol and primidone, alternative drugs and
surgical treatments are also available. Further
understanding of the molecular mechanism behind
the disease awaits the discovery and cloning of an
essential tremor gene.
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Factsheet [http://www.ninds.nih.gov/health_and_medical/disorders/tremor_doc.htm] from the National Institute of Neurological

Disorders and Stroke, NIH

Information [www.essentialtremor.org/] from the Essential Tremor Foundation
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Genes and Disease

Familial Mediterranean fever

The Nervous System

Familial Mediterranean fever (FMF) occurs most
commonly in people of non-Ashkenazi Jewish,
Armenian, Arab, and Turkish background. As many
as 1 in 200 people in these populations have the
disease, with as many as 1 in 5 acting as a disease
carrier. FMF is an inherited disorder usually charac-
terized by recurrent episodes of fever and peritonitis
(inflammation of the abdominal membrane).

In 1997, researchers identified the gene for FMF
and found several different gene mutations that
cause this inherited rheumatic disease. The gene,
found on chromosome 16, codes for a protein that is
found almost exclusively in granulocytes—white
blood cells important in the immune response. The
protein is likely to normally assist in keeping inflam-
mation under control by deactivating the immune
response—without this "brake," an inappropriate full-
blown inflammatory reaction occurs: an attack of
FMF.

Discovery of the gene mutations will allow the
development of a simple diagnostic blood test for
FMF. With identification of the mutant protein, it may

Important Links

be easier to recognize environmental triggers that
lead to attacks and may lead to new treatments for
not only FMF but also other inflammatory diseases.
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Pyrin, of marenostrin, the product of the gene for
farnilial Mediterranean fever, is thought to activate
the biosyrthesis of a chermotactic-factor inactivator
Without functional pyrin, no inactivator iz produced,
leading to attacks of familial Mediterranean fever
[Adapted from Fig, 1, Babior, B.M, and Matzner, .
(1957) Mew Engl. J. Med., 377, 1545-1545.]
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Fragile X syndrome

Fragile X syndrome is the most common inherited
form of mental retardation currently known. Fragile X
syndrome is a defect in the X chromosome and its
effects are seen more frequently, and with greater
severity, in males than females.

In normal individuals, the FMR1 gene is trans-
mitted stably from parent to child. However, in Frag-
ile X individuals, there is a mutation in one end of the
gene (the 5' untranslated region), consisting of an
amplification of a CGG repeat. Patients with fragile X
syndrome have 200 or more copies of the CGG
motif. The huge expansion of this repeat means that
the FMR1 gene is not expressed, so no FMRL1 pro-
tein is made. Although the exact function of FMR1
protein in the cell is unclear, it is known that it binds
RNA.

A similar nucleotide repeat expansion is seen in
other diseases, such as Huntington disease.
Research in mice has proven helpful in elucidating
some of the mechanisms that cause the instability of

Important Links

Gene sequence
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this gene. Our methods for identifying carriers of
Fragile X syndrome have also improved, and further
research will help people carrying "premutations” to
avoid having children who have a larger expansion
(i.e. more CGG repeats) in FMR1, and therefore
suffer from Fragile X syndrome.

An unstable nuclectide

repeat is associated with
the most cornrmon form of
rnental retardation known
az Fragile ¥ syndrorme,
[Irnage credit: Steve
Wiarren, Ermory University
School of Medicine,
Atlarta, GA, USA,]
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Fact sheet [http://www.nichd.nih.gov/publications/pubs/fragileX/index.htm] from the National Institute of Child Health and Human

Development, NIH

National Fragile X Foundation [www.fragilex.org] US-based research, information and support

GenecClinics [www.geneclinics.org/profiles/fragilex/] a medical genetics resource
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Friedreich's ataxia

The Nervous System

Friedreich's ataxia (FRDA) is a rare inherited dis-
ease characterized by the progressive loss of volun-
tary muscular coordination (ataxia) and heart
enlargement. It is named after the German doctor,
Nikolaus Friedreich, who first described the disease
in 1863. FRDA is generally diagnosed in childhood
and affects both males and females.

FRDA is an autosomal recessive disease
caused by a mutation of a gene called frataxin,
which is located on chromosome 9. This mutation
means that there are many extra copies of a DNA
segment, the trinucleotide GAA. A normal individual
has 8 to 30 copies of this trinucleotide, while FRDA
patients have as many as 1000. The larger the num-
ber of GAA copies, the earlier the onset of the dis-
ease and the quicker the decline of the patient.

Although we know that frataxin is found in the
mitochondria of humans, we do not yet know its
function. However, there is a very similar protein in

Important Links

yeast, YFH1, which we know more about. YFHL1 is
involved in controlling iron levels and respiratory
function. Since frataxin and YFH1 are so similar,
studying YFH1 may help us understand the role of
frataxin in FRDA.

Mitochondrial localization of
hurman frataxin in live
rmarmmalian cells, [Reproduced
from Babcock, Moet al, (1997)
Requlation of Science 276!
1709-1712, with perrrission.]
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Genes and Disease

Gaucher disease

The Nervous System

Gaucher (pronounced "go-SHAY") disease is an
inherited illness caused by a gene mutation. Nor-
mally, this gene is responsible for an enzyme called
glucocerebrosidase that the body needs to break
down a particular kind of fat called glucocerebroside.
In people with Gaucher disease, the body is not able
to properly produce this enzyme, and the fat can not
be broken down. It then accumulates, mostly in the
liver, spleen, and bone marrow. Gaucher disease
can result in pain, fatigue, jaundice, bone damage,
anemia, and even death.

Gaucher disease is considerably more common
in the descendants of Jewish people from Eastern
Europe (Ashkenazi), although individuals from any
ethnic group may be affected. Among the Ashkenazi
Jewish population, Gaucher disease is the most
common genetic disorder, with an incidence of
approximately 1 in 450 persons. In the general pub-
lic, Gaucher disease affects approximately 1 in
100,000 persons. According to the National Gaucher
Foundation, 2500 Americans suffer from Gaucher
disease.

Important Links

In 1991, enzyme replacement therapy became
available as the first effective treatment for Gaucher
disease. The treatment consists of a modified form
of the glucocerebrosidase enzyme given intra-
venously. Performed on an outpatient basis, the
treatment takes about 1-2 h and is given every 2
weeks. Enzyme replacement therapy can stop and
often reverse the symptoms of Gaucher disease,
allowing patients to enjoy a better quality of life.

Gaucher cellz. [Image
credit: E. Beutler, Scripps
Fesearch Institute,

La dolla, CA, USA,]
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Genes and Disease

Huntington disease

The Nervous System

Huntington disease (HD) is an inherited, degenera-
tive neurological disease that leads to dementia.
About 30,000 Americans have HD and about
150,000 more are at risk of inheriting the disease
from a parent.

The HD gene, whose mutation results in Hunt-
ington disease, was mapped to chromosome 4 in
1983 and cloned in 1993. The mutation is a charac-
teristic expansion of a nucleotide triplet repeat in the
DNA that codes for the protein huntingtin. As the
number of repeated triplets - CAG (cytosine, ade-
nine, guanine) - increases, the age of onset in the
patient decreases. Furthermore, because the unsta-
ble trinucleotide repeat can lengthen when passed
from parent to child, the age of onset can decrease
from one generation to the next. Since people who
have those repeats always suffer from Huntington
disease, it suggests that the mutation causes a gain-
of-function, in which the mRNA or protein takes on a
new property or is expressed inappropriately.

With the discovery of the HD gene, a new pre-
dictive test was developed that allows those at risk
to find out whether or not they will develop the dis-

Important Links

ease. Animal models have also been developed,
and we know that mice have a gene that is similar to
the human HD gene. Research on understanding
the mechanism that causes the triplet repeat to
increase is ongoing, since its discovery could be
critical to the development of an effective treatment
for this and other similar diseases.
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GenecClinics [http://www.geneclinics.org/profiles/huntington/] a medical genetics resource
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Lesch-Nyhan syndrome

The Nervous System

Lesch-Nyhan syndrome (LNS) is a rare inherited
disease that disrupts the metabolism of the raw
material of genes.

These raw materials are called purines, and they
are an essential part of DNA and RNA. The body
can either make purines (de novo synthesis) or
recycle them (the resalvage pathway). Many
enzymes are involved in these pathways. When one
of these enzymes is missing, a wide range of prob-
lems can occur.

In LNS, there is a mutation in the HPRT1 gene
located on the X chromosome. The product of the
normal gene is the enzyme hypoxanthine-guanine
phosphoribosyltransferase, which speeds up the
recycling of purines from broken down DNA and
RNA. Many different types of mutations affect this
gene, and the result is a very low level of the
enzyme.

The mutation is inherited in an X-linked fashion.
Females who inherit one copy of the mutation are
not affected because they have two copies of the X
chromosome (XX). Males are severely affected
because they only have one X chromosome (XY),
and therefore their only copy of the HPRT1 gene is
mutated.

Mutations of the HPRT1 gene cause three main
problems. First is the accumulation of uric acid that
normally would have been recycled into purines.
Excess uric acid forms painful deposits in the skin
(gout) and in the kidney and bladder (urate stones).
The second problem is self-mutilation. Affected indi-

Important Links

viduals have to be restrained from biting their fingers
and tongues. Finally, there is mental retardation and
severe muscle weakness.

In the year 2000 it was shown that the genetic
deficiency in LNS could be corrected in vitro. A virus
was used to insert a normal copy of the HPRT1
gene into deficient human cells. Such techniques
used in gene therapy may one day provide a cure for
this disease. For now, medications are used to
decrease the levels of uric acid.

The human HPRTY
gene contains 9 exons.

A owide variety of
HFRTT mutations
I can cause LMS, these
include deletions,
insertions, single-base
substitutions, and
frame-shift mutations.

Meon coding
region of exon
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Websites

Fact sheet [http://www.ninds.nih.gov/health_and_medical/disorders/lesch_doc.htm]from National Institute of Neurological Disorders
and Stroke, NIH

GeneReviews [www.geneclinics.org/profiles/Ins]a medical genetics resource
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Maple syrup urine disease

The Nervous System

Maple Syrup Urine Disease (MSUD) is an inherited
disorder so named because one of its first signs is
urine that has an odor reminiscent of maple syrup.
The underlying defect disrupts the metabolism of
certain amino acids. These are amino acids that
have a branched side chain. Because they cannot
be fully broken down, they accumulate in the urine,
along with their metabolites (alpha-ketoacids) to give
the distinctive smell. Left untreated, there is progres-
sive neurodegeneration leading to death within the
first months of life.

Three amino acids have branched side chains:
valine, leucine, and isoleucine. They are an essential
element in the diet and are broken down by the body
to yield energy. One step in this breakdown involves
the branched-chain alpha-ketoacid dehydrogenase
(BCKDH) complex, which consists of three catalytic
components and two regulatory enzymes. In total,
six gene loci encode for the BCKDH, and mutations
in different loci are responsible for the genetic variety
seen in MSUD.

The Mennonite community of Lancaster County,
Pennsylvania is particularly afflicted by MSUD, with
over 1 of 176 individuals affected. This is due to a
high carrier rate of a mutation in the Elalpha-subunit
of the BCKDH complex. By contrast, the disease is
rare in the general population.

Important Links

Currently treatment consists of restricting the
dietary intake of branched-chain amino acids to the
absolute minimum that is needed for growth. How-
ever, studies have already shown that it is possible
to transfer subunits of the BCKDH enzyme into cells
using a retrovirus. Similar advances in gene therapy
may provide a future cure.
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MSUD Family Support Group [www.msud-support.org/] patient information and support
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Menkes syndrome

The Nervous System

Menkes syndrome is an inborn error of metabolism
that markedly decreases the cells' ability to absorb
copper. The disorder causes severe cerebral
degeneration and arterial changes, resulting in death
in infancy. The disease can often be diagnosed by
looking at a victim's hair, which appears to be both
whitish and kinked when viewed under a micro-
scope.

Menkes' disease is transmitted as an X-linked
recessive trait. Sufferers can not transport copper,
which is needed by enzymes involved in making
bone, nerve and other structures. A number of other
diseases, including type IX Ehlers-Danlos syndrome,
may be the result of allelic mutations (i.e. mutations
in the same gene, but having slightly different symp-
toms) and it is hoped that research into these dis-
eases may prove useful in fighting Menkes' disease.

If administered within the first few months of life,
copper histidinate appears to be effective in increas-
ing the life expectancy of some patients. However,
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this treatment only increases life expectancy from
three to thirteen years of age, so can only be con-
sidered a palliative. A similar condition to Menkes'
disease exists in mice; working with these model
organisms will help give insight into human copper
transport mechanisms, so helping to develop effec-
tive treatments for Menkes' sufferers.

Abnc\rmal F‘urklrge cell dendrlteg in the braln of a
patiert with Menkes disease, [Image credit: Kevin
Raoth and Robert Schrnidk, Washington University,
St Louis, MO, USAL]
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Myotonic dystrophy

The Nervous System

Myotonic dystrophy is an inherited disorder in which
the muscles contract but have decreasing power to
relax. With this condition, the muscles also become
weak and waste away. Myotonic dystrophy can
cause mental deficiency, hair loss and cataracts.
Onset of this rare disorder commonly occurs during
young adulthood. However, it can occur at any age
and is extremely variable in degree of severity.

The myotonic dystrophy gene, found on chro-
mosome 19, codes for a protein kinase that is found
in skeletal muscle, where it likely plays a regulatory
role.

An unusual feature of this iliness is that its symp-
toms usually become more severe with each suc-
cessive generation. This is because mistakes in the
faithful copying of the gene from one generation to
the next result in the amplification of a genomic
'AGC/CTG triplet repeat’, similar to that found in
Huntington disease. Unaffected individuals have
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between 5 and 27 copies of AGC/CTG, myotonic
dystrophy patients who are minimally affected have
at least 50 repeats, while more severely affected
patients have an expansion of up to several kilobase
pairs.

Expanding afiele

3
3

‘Hormal’ allele

T T E——

Diseases such as myotonic dystraphy (DM)
result from the effects of an expansion of a
repeat sequence [red arrows) of DA, In the
case of DM, it iz not yet clear whether the
expanzion effects just the royotonic dystrophy
protein kinase gene, or multiple genes,
[Reproduced fromm Richards, R.L and
Sutherland, SR, (1997) Trends Biochern, Sai.
22, 432-43, with perrnizssion, ]
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GeneClinics [www.geneclinics.org/profiles/myotonic-d/] a medical genetics resource
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Narcolepsy

The Nervous System

Narcolepsy is a sleep disorder. Affected individuals
are extremely drowsy during the daytime and may
fall into a deep sleep at any time. After a short nap,
the patient may feel refreshed, but it is only a short
period of time before drowsiness returns.

The second major symptom of narcolepsy is
called cataplexy. Cataplexy refers to a sudden
weakness of the muscles that leads to collapse. This
is often triggered by an emotional response such as
laughter, surprise, or anger.

The normal stages of sleep include a phase of
rapid eye movement (REM). It is during the REM
phase of sleep when we dream and during this time
that our muscles become completely relaxed. The
problem in narcolepsy is that REM can occur while
awake, resulting in half-sleep dreams and temporary
paralysis.

The genetics of narcolepsy is complex, but it is
thought that a newly discovered group of proteins
may be involved. These proteins are called hypocre-
tins (also known as orexins), and they signal mes-
sages in the brain. When hypocretins are given to
rats, they induce wakefulness. Dogs that have a
mutation in the hypocretin receptor Hcrt2 have nar-
colepsy. Mice that have a mutation in the hypocretin
gene also have narcolepsy. A mutation in the
hypocretin gene is extremely rare in human nar-
colepsy. However, affected individuals do have very
low levels of hypocretins, suggesting the loss of the
brain cells that secrete hypocretin.

Although there are rare families where nar-
colepsy is passed on through several generations,
most cases of narcolepsy occur at random rather
than being inherited. The likelihood of developing
narcolepsy is influenced by proteins known as histo-
compatibility leukocyte antigens (HLA). HLA refers to
a group of proteins (antigens) that influence the level
to which white blood cells (leukocytes) accept trans-
planted tissue (histocompatibility). It is now known
that hypocretin deficiency in humans is closely asso-

ciated with the HLA protein DQB1*0602. It has been
suggested that the cause of human narcolepsy is the
body's immune cells attacking and damaging the
neurons that secrete hypocretin.

The daytime sleepiness of narcolepsy is treated
with stimulants similar to amphetamine, and cata-
plexy is treated with antidepressants. More effective
treatments are being investigated and may include
replacing the missing hypocretins with drugs that
stimulate the hypocretin receptors.

As our understanding grows about the mecha-
nisms that underlie sleeping, wakefulness, and
narcolepsy, we will progress toward finding a cure
for this disease.

The human hypocrefin-2 protein is 28
amino acids long. It contains two
alpha-helix domains (shown in purple)
that are connecied by a flexible loop
(ghown in yellow).
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MEDLINEplus [http://www.nlm.nih.gov/medlineplus/ency/article/000802.htm]Medical encylopedia from the National Library of
Medicine, NIH

Factsheet [http://www.ninds.nih.gov/health_and_medical/disorders/narcolep_doc.htm]Patient information from National Institute of
Neurological Disorders and Stroke, NIH
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Neurofibromatosis

The Nervous System

Neurofibromatosis, type 2, (NF-2) is a rare inherited
disorder characterized by the development of benign

tumors on both auditory nerves (acoustic neuromas).

The disease is also characterized by the develop-
ment of malignant central nervous system tumors as
well.

The NF2 gene has been mapped to chromo-
some 22 and is thought to be a so-called 'tumor-
suppressor gene'. Like other tumor suppressor
genes (such as p53 and Rb), the normal function of
NF2 is to act as a brake on cell growth and division,
ensuring that cells do not divide uncontrollably, as
they do in tumors. A mutation in NF2 impairs its
function, and accounts for the clinical symptoms
observed in neurofibromatosis sufferers. NF-2 is an
autosomal dominant genetic trait, meaning it affects
both genders equally and that each child of an
affected parent has a 50% chance of inheriting the
gene.

We are learning more about the function of the
NF2 gene through studies of families with neurofi-
bromatosis type 2 and through work in model organ-
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isms, particularly mice. The exact molecular function
of NF2 in the cell is still unknown, although the pro-
tein is similar to the ERM family of cytoskeleton-
membrane linker proteins. Further work on the
binding partners of NF2 would help to identify poten-
tial specific targets for future drug therapies.

Microscopic section of 2
zchw annorna, a turnor
cornrmonly found in patierts
with MF-2, [Irmage credit: K.
Roth and Robert Schrnidt,
Washington University, St
Louis, MO, USA,]
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Niemann-Pick disease

The Nervous System

In 1914, German pediatrician Albert Niemann
described a young child with brain and nervous sys-
tem impairment. Later, in the 1920's, Luddwick Pick
studied tissues after the death of such children and
provided evidence of a new disorder, distinct from
those storage disorders previously described.

Today, there are three separate diseases that
carry the name Niemann-Pick: Type A is the acute
infantile form, Type B is a less common, chronic,
non-neurological form, while Type C is a biochemi-
cally and genetically distinct form of the disease.
Recently, the major locus responsible for Niemann—
Pick type C (NP-C) was cloned from chromosome
18, and found to be similar to proteins that play a
role in cholesterol homeostasis.

Usually, cellular cholesterol is imported into
lysosomes—'bags of enzymes' in the cell—for pro-
cessing, after which it is released. Cells taken from
NP-C patients have been shown to be defective in
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releasing cholesterol from lysosomes. This leads to
an excessive build-up of cholesterol inside lyso-
somes, causing processing errors. NPC1 was found
to have known sterol-sensing regions similar to
those in other proteins, which suggests it plays a
role in regulating cholesterol traffic.

Cells stained to show unesterified
cholesteral in MP-C cells (white], The
arrow 5 show cell normalized by trans-
fection with MPC1 DA, [Reproduced
with perrnizsion frorm Carstea et al,
{1997) Science 277, 228-231.]
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Fact sheet [www.ninds.nih.gov/health_and_medical/disorders/niemann.doc.htm] from the National Institute of Neurological

Disorders and Stroke, NIH

National Niemann-Pick Disease Foundation [www.nnpdf.org] an educational, support and fund-raising organization
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Parkinson disease

The Nervous System

Parkinson disease, first described by James Parkin-
son in 1817, is a growing national problem, with
more than half a million Americans affected at any
one time. Most people are over 50 years old when
the disease appears, although it can occur in
younger patients. It is a neurodegenerative disease
that manifests as a tremor, muscular stiffness and
difficulty with balance and walking. A classic patho-
logical feature of the disease is the presence of an
inclusion body, called the Lewy body, in many
regions of the brain.

Until relatively recently, Parkinson disease was
not though to be heritable, and research was primar-
ily focused on environmental risk factors such as
viral infection or neurotoxins. However, a positive
family history was gradually perceived to be a risk
factor, a view that was confirmed last year when a
candidate gene for some cases of Parkinson dis-
ease was mapped to chromosome 4. Mutations in
this gene have now been linked to several Parkinson
disease families. The product of this gene, a protein
called alpha-synuclein, is a familiar culprit: a frag-
ment of it is a known constituent of Alzheimer dis-
ease plaques.

Since alpha-synuclein fragments are implicated
in both Parkinson and Alzheimer diseases, there
may be shared pathogenic mechanisms between the
two, therefore research into one disease may aid
understanding of the other. Further avenues for
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research are also being suggested by cross-species
comparisons assisted by database searching.
Among others, rats, cows and zebra finches all pos-
sess alpha-synuclein; in the rat they play a role in
the sense of smell, while in the zebra finch it is
thought to be involved in the process of song learn-
ing. Further work to elucidate the function of alpha-
synuclein in humans, and therefore clues as to the
pathology of Parkinson disease, should be assisted
by studying these other species.

An overlapping immunofluares-
cent stain showing alpha-synuclein
localization in Lewy bodies of
Parkinzon's diseasze brain. The
Lewy body is stained green (with
artibody against ubiquitind, while
alpha-synuclein is stained red,
Where both ubiquitin and alpha-
synuclein are found, the stain
appears vellowforange, With
thanks to M, Palymeropoulos for
supplving the picture,
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Research News [www.nhgri.nih.gov/DIR/LGDR/PARK?2/] on Parkinson disease from The National Human Genome Research
Institute, NIH
The Parkinson Web [pdweb.mgh.harvard.edu/] general information, with links to other Parkinson Disease Web sites.
N;EDLdINEpIus [www.nIm.nih.gov/medlineplus/parkinsonsdisease.html] links on Parkinson disease compiled by the National Library
of Medicine
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Phenylketonuria

The Nervous System

Phenylketonuria (PKU) is an inherited error of
metabolism caused by a deficiency in the enzyme
phenylalanine hydroxylase. Loss of this enzyme
results in mental retardation, organ damage, unusual
posture and can, in cases of maternal PKU, severely
compromise pregnancy.

Classical PKU is an autosomal recessive disor-
der, caused by mutations in both alleles of the gene
for phenylalanine hydroxylase (PAH), found on
chromosome 12. In the body, phenylalanine hydroxy-
lase converts the amino acid phenylalanine to tyro-
sine, another amino acid. Mutations in both copies of
the gene for PAH means that the enzyme is inactive
or is less efficient, and the concentration of pheny-
lalanine in the body can build up to toxic levels. In
some cases, mutations in PAH will result in a pheno-
typically mild form of PKU called hyperphenylalane-
mia. Both diseases are the result of a variety of
mutations in the PAH locus; in those cases where a
patient is heterozygous for two mutations of PAH (ie
each copy of the gene has a different mutation), the
milder mutation will predominate.

Important Links

A form of PKU has been discovered in mice, and
these model organisms are helping us to better
understand the disease, and find treatments against
it. With careful dietary supervision, children born with
PKU can lead normal lives, and mothers who have
the disease can produce healthy children.
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The enzyrne phenvlalanine hydrowylasze
corwerts the amino acid phenylalanine to
tyrosine
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National PKU News [www.pkunews.org] news and information about PKU

GeneClinics [www.geneclinics.org/profiles/pku/] a medical genetics resource
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Prader-Willi syndrome

Prader-Willi syndrome (PWS) is an uncommon inher-
ited disorder characterized by mental retardation,
decreased muscle tone, short stature, emotional
lability and an insatiable appetite which can lead to
life-threatening obesity. The syndrome was first
described in 1956 by Drs. Prader, Labhart, and Willi.

PWS is caused by the absence of segment 11-
13 on the long arm of the paternally derived chromo-
some 15. In 70-80% of PWS cases, the region is
missing due to a deletion. Certain genes in this
region are normally suppressed on the maternal
chromosome, so, for normal development to occur,
they must be expressed on the paternal chromo-
some. When these paternally derived genes are
absent or disrupted, the PWS phenotype results.
When this same segment is missing from the mater-
nally derived chromosome 15, a completely different
disease, Angelman syndrome, arises. This pattern of
inheritance — when expression of a gene depends
on whether it is inherited from the mother or the
father — is called genomic imprinting. The mecha-
nism of imprinting is uncertain, but, it may involve
DNA methylation.

Genes found in the PWS chromosomal region
code for the small ribonucleoprotein N (SNRPN).
SNRPN is involved in mRNA processing, an inter-
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mediate step between DNA transcripton and protein
formation. A mouse model of PWS has been devel-
oped with a large deletion which includes the
SNRPN region and the PWS 'imprinting centre' (IC)
and shows a phenotype similar to infants with PWS.
These and other molecular biology techniques may
lead to a better understanding of PWS and the
mechanisms of genomic imprinting.

In the Prader-Willi syndrome {PWS) call
abova, the maternally darived chromo-
some 15 (red arrow) shows bwo signals:
ane fram a control area (which 5 also
saan in the patemally derved chroma-
same [yellow arrow]) and anather, which
is from the PWS region. This signal is
missing from the paternal chromosomea
because the regian is deletad in this
PWS patient. [Reproducad with parmis-
sion from Martin et al. (1998) Am J Psy-
chiatry Sep;155({9):1265-73.]
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Prader-Willi Syndrome Association (USA) [www.pwsausa.org/] information, education, and support services

GeneClinics [www.geneclinics.org/profiles/pws/] a medical genetics resource

30


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=prader-willi
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=5821
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=14748674&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=prader-willi%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=prader-willi
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=176270
http://www.pwsausa.org/
http://www.geneclinics.org/profiles/pws/

Genes and Disease

Refsum disease

The Nervous System

Refsum disease is a rare disorder of lipid
metabolism that is inherited as a recessive trait.
Symptoms may include a degenerative nerve dis-
ease (peripheral neuropathy), failure of muscle
coordination (ataxia), retinitis pigmentosa (a pro-
gressive vision disorder), and bone and skin
changes. Refsum disease is characterized by an
accumulation of phytanic acid in the plasma and
tissues. is a derivative of phytol, a component of
chlorophyll.

In 1997 the gene for Refsum disease was identi-
fied and mapped to chromosome 10. The protein
product of the gene, PAHX, is an enzyme that is
required for the metabolism of phytanic acid. Refsum
disease patients have impaired PAHX - phytanic
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acid hydrolase. It is thought that Refsum disease is a
peroxisomal disorder, since human PAHX contains
PTS2 localization sequences, which target it to the
peroxisome.

Our bodies can not synthesize phytanic acid: we
have to obtain all of it from our food. Therefore, pro-
longed treatment with a diet deficient in phytanic
acid can be beneficial.

Sl ;| breakdown phytel ingested as a part’: ;
i 5 of their diet., B
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Rett syndrome

The Nervous System

Rett syndrome (RTT) is a progressive neurodevel-
opmental disorder that almost exclusively affects
females. It has an incidence of about 1 in 10,000
births, making it one of the most common causes of
profound mental retardation in girls. Individuals with
RTT develop normally until the age of 6 to 18
months, when they begin to lose purposeful use of
their hands and speech. Affected individuals also
show reduced muscle tone, wringing hand move-
ments, autistic-like behavior and seizures.

A gene which causes RTT, MeCP2, has been
found on the long arm of chromosome X (Xq28).
Normally, females have two X chromosomes and
males have an X and a Y. Since males do not have
an additional copy of X to offset a defect, most X-
linked diseases affect males. Then, why are males
not affected by RTT? One possible explanation is
that the absence of a functional copy of MeCP2 is
lethal to the male fetus before birth. Researchers
have shown this to be the case in a mouse model.
Another question is why females are affected by
RTT, even though one of their X chromosomes is
normal. This is likely due to X inactivation, a normal
process whereby one X chromosome is randomly
inactivated in every cell. This partial deficiency -
where the normal copy of MeCP2 is active in some
cells and inactive in others - allows girls with RTT to
survive and develop normally during early infancy.

Important Links

MeCP2 is believed to code for a protein which
controls gene expression in the cell. Although it is
not clear what the mechanism is, partial loss of this
protein may lead to over expression of certain
genes, leading to the RTT phenotype. With the dis-
covery of MeCP2, investigators hope to develop a
test for RTT which will allow for early diagnosis, pre-
natal detection and, ultimately, presymptomatic
therapy.

5 ] 52
A) Pedigrea of half-sistars (51 and 52) with
Rett syndrome and their carrier mathar (M)
B) Conformation-sansitive gal
elactrophorasis (CSGE) shawing the same
axira band (arrows) in the DNA of bath
half-sesters, not present in their mathar (M)
Itis likaly that the mathar, who is normal,
transmitied the dissasa to har daughters
thraugh a germline mutation presant in her
avurmn, but not in the other cells of har bady.
[Adapted fram Amir, RLE. at al. (15899)
Nafure Genelics 23, 185 —188., with
parmission.]

Gene sequence
Genome view see gene locations
Entrez Gene collection of gene-related information

BLink [www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4826830&org=1] related sequences in different organisms

The literature
Research articles online full text
Books online books section
OMIM catalog of human genes and disorders

Websites

Information Sheet [www.ninds.nih.gov/health_and_medical/disorders/rett_doc.htm] from the National Institute of Neurological

Disorders and Stroke, NIH

International Rett Syndrome Association [www.rettsyndrome.org/] support and information for families
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Spinal muscular atrophy

The Nervous System

Death of spinal motor neurons and subsequent
muscle paralysis characterize Spinal Muscular Atro-
phy (SMA), a hereditary neuromuscular disorder that
is the most common genetic cause of childhood
fatality. The age of onset and severity of SMA varies
from an infantile onset form (type |) which causes
early death from respiratory failure, to milder juvenile
onset forms in which affected individuals show
reduced life expectancy (type Il), and are unable to
walk (types Il and IlI).

Expression of the disease requires mutation of
both alleles of the survival motor neuron gene
(SMN1) found on chromosome 5, making SMA an
autosomal recessive disorder. Typically, the muta-
tions are caused by a deletion within SMN1, or when
the SMNL1 gene is replaced by an almost identical
gene called SMN2, also located on chromosome 5.
Both SMN1 and SMN2 code for identical proteins,
but the SMN1 gene produces the full-size protein,
whereas the SMN2 gene produces truncated ver-
sions of the protein, and a small amount of the full-
size protein. Deletions within both copies of the
SMNL1 gene results in type | SMA, whereas the
milder forms of SMA usually occur when SMN1 is
replaced by SMN2, increasing the number of copies
of SMN2. The more SMN2 genes an affected indi-
vidual has, the more full-length protein will be pro-
duced, and the milder the resultant form of the
disease. The protein encoded by SMN1 and SMNZ2,
which is known to play a crucial role in the produc-
tion of MRNA, is expressed throughout the body, but
is found in especially high levels within the spinal
motor neurons.

Important Links

The function of SMNL1 is currently being investi-
gated by studies in rats and transgenic mice. It is
hoped that the characterization of this protein and its
function will eventually lead to a therapy that may be
used in conjunction with genetic testing already in
place to help control the incidence and/or severity of
SMA.
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Spinocerebellar ataxia

Persons with spinocerebellar ataxia, of which there except that in the mouse, the poly-glutamine tract
are several types, experience a degeneration of the (coded for by the CAG repeat ) is missing, suggest-
spinal cord and the cerebellum, the small fissured ing that it is not essential for normal function in mice.

mass at the base of the brain, behind the brain stem.
The cerebellum is concerned with coordination of
movements, so the "wasting away" of this critical
control center results in a loss of muscle coordina-
tion. Atrophy in the spine can bring spasticity.

The basic defect in all types of spinocerebellar
ataxia is a an expansion of a CAG triplet repeat. In
this way, it is similar to fragile-X syndrome, Hunting-

ton disease and myotonic dystrophy, all of which

Degeneration of the

exhibit a triplet repeat expansion of a gene. In the cerebellurn leads to lozs of
. . . rruscle coordination in
case of spinocerebellar ataxia I, the gene is SCA1, S atianbs wibhispinoearabalisr

atraphy, [Irmage credit: Kevin
Foth and Robert Schrnidt,

gene - called ataxin-1 - varies in size, depending on Washington University, St.
Louis, MO, USA,]

found on chromosome 6. The protein product of the

the size of the CAG triplet repeat.

A homolog of human ataxin-1 has been found in
mice, where it is found on chromosome 13 instead of
chromosome 6. The two proteins are highly similar,

Important Links

Gene sequence

Genome view see gene locations

Entrez Gene collection of gene-related information

BLink [www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4506793&org=1] related sequences in different organisms
The literature

Research articles online full text

Books online books section

OMIM catalog of human genes and disorders
Websites

Fact sheet [www.ninds.nih.gov/health_and_medical/disorders/opca_doc.htm] from the National Institute of Neurological Disorders
and Stroke, NIH
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35


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=spinocerebellar+ataxia
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=6310
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4506793&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=spinocerebellar+ataxia%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=spinocerebellar+ataxia
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=164400
http://www.ninds.nih.gov/health_and_medical/disorders/opca_doc.htm
http://www.ataxia.org/
http://www.geneclinics.org/profiles/sca1/index.html

Genes and Disease

Tangier disease
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Tangier disease (TD) is a genetic disorder of choles-
terol transport named for the secluded island of
Tangier, located off the coast of Virginia. TD was
first identified in a five-year-old inhabitant of the
island who had characteristic orange tonsils, very
low levels of high density lipoprotein (HDL) or 'good
cholesterol', and an enlarged liver and spleen.

TD is caused by mutations in the ABC1 (ATP-
binding cassette) gene on chromosome 9q31. ABC1
codes for a protein that helps rid cells of excess
cholesterol. This cholesterol is then picked up by
HDL particles in the blood and carried to the liver,
which processes the cholesterol to be reused in cells
throughout the body. Individuals with TD are unable
to eliminate cholesterol from cells, leading to its
buildup in the tonsils and other organs.

The discovery of this important cholesterol
transport gene may lead to a better understanding of
the inverse relationship between HDL levels and
coronary artery disease, an important killer in the
US. New drugs that regulate HDL levels may be
developed and such drugs would not only help indi-
viduals with TD, but also people with more common

Important Links

disorders such as familial HDL deficiency. This is a
good illustration of how research into rare diseases
can sometimes help more common disorders.
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(A} In normal cellz ABC1 helpz cholegerol exit the cell
where it combines with lipid poor &00-241 lipoprotein to
form high density lipopratein (HDL). HDL picks up more
lipicl = fraom lowe density (LD and wery love density (WLDL)
lipoproteinz and tranzfers the cholesteral to the liver, where
it iz processed.
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(B} In Tangier dizease, mutations in ABC causs
cholesterol to accumulate within the cell.

[Adapted from Young and Fielding (19991 Mat Genet.
A 220413168 | with permission]

Gene sequence
Genome view see gene locations
Entrez Gene collection of gene-related information

BLink [www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=5915658&org=1] related sequences in different organisms

The literature
Research articles online full text
Books online books section
OMIM catalog of human genes and disorders

Websites

American Heart Association [amhrt.org] fighting heart disease and stroke

National Heart, Lung and Blood Institute, NIH [www.nhlbi.nih.gov/health/public/heart/] cardiovascular information
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Tay-Sachs disease, a heritable metabolic disorder
commonly associated with Ashkenazi Jews, has also
been found in the French Canadians of Southeast-
ern Quebec, the Cajuns of Southwest Louisiana, and
other populations throughout the world. The severity
of expression and the age at onset of Tay-Sachs
varies from infantile and juvenile forms that exhibit
paralysis, dementia, blindness and early death to a
chronic adult form that exhibits neuron dysfunction
and psychosis.

Tay-Sachs is an autosomal recessive disease
caused by mutations in both alleles of a gene
(HEXA) on chromosome 15. HEXA codes for the
alpha subunit of the enzyme B-hexosaminidase A.
This enzyme is found in lysosomes, organelles that
break down large molecules for recycling by the cell.
Normally, B-hexosaminidase A helps to degrade a
lipid called GM2 ganglioside, but in Tay-Sachs indi-
viduals, the enzyme is absent or present only in very
reduced amounts, allowing excessive accumulation
of the GM2 ganglioside in neurons. The progressive
neurodegeneration seen in the varied forms of Tay-
Sachs depends upon the speed and degree of GM2
ganglioside accumulation, which in turn is dependent
upon the level of functional B-hexosaminidase A
present in the body.

A mouse model has been developed for Tay-
Sachs, although its usefulness is limited since Tay-
Sachs mice possess a minor alternative pathway for
breaking down GM2 ganglioside. Treatment of the
late onset form of Tay-Sachs with a ganglioside syn-
thesis inhibitor shows promise. The effectiveness
this and other treatments on individuals with the
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infantile (the most common) form of the disease is
extremely limited since the extent of neurological
damage prior to birth is unknown. The difficulty in
reversing such damage will make it hard to develop
an effective treatment for the infantile form of the
disease. It is hoped, however, that the latter onset
forms of Tay-Sachs may prove responsive to treat-
ment, and such treatment combined with the DNA
and enzymatic screening programs currently in use
will lead to the eventual control of this disease.
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Model for Gyga ganglioside metabolism.
Under normal conditions, f-hexosaminidase
works in the lysosome of nerve cells to
breakdown unwanled gangboside Gz, a
component of the nerve cell membrane, This
requires three components: an c-subunit, a
fsubunit and an actvator subunit. In Tay
Sachs disease, the alpha subunit of
hexosamnidase malfunctions, leading to a
toxic build-up of the Gy ganglioside in the
lysosyme. [Adapted from: Chavany, C. and
Jendoubi, M. (1998) Mol Med, Today, 4; 158-
165, with permession.)
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Fact Sheet [www.ninds.nih.gov/health_and_medical/disorders/taysachs_doc.htm] from National Institute of Neurological Disorders
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NTSAD [www.ntsad.org/] National Tay-Sachs and Allied Diseases Association
GeneClinics [www.geneclinics.org/profiles/tay-sachs/] a medical genetics resource
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Tuberous sclerosis

Tuberous sclerosis is an hereditary disorder charac- SC1 has a homolog in yeast, which provides a
terized by benign, tumor-like nodules of the brain system in which to model the human disease.
and/or retinas, skin lesions, seizures and/or mental
retardation. Patients may experience a few or all of
the symptoms with varying degrees of severity.

Two loci for tuberous sclerosis have been found:
TSC1 on chromosome 9, and TSC2 on chromosome
16. It took four years to pin down a specific gene
from the TSC1 region of chromosome 9: in 1997, a
promising candidate was found. Called hamartin by

the discoverers, it is similar to a yeast protein of

. Microscopic section of angio-
unknown function, and appears to act as a tumor myoliporna, a benign turnor

of the kidney presert in
rnany patierts with tuberous

suppressor: without TSC1, growth of cells proceeds

in an unregul fashion, resulting in tumor forma- sclerosis, [Image credit:

an unregulated fashion, resulting in tumor forma Mavra Srnith, Johns Hopkins

tion. TSC2 codes for a protein called tuberin, which, Univeirsitw Baltirmore, MO,
LIS A,

through database searches, was found to have a

region of homology to a protein found in pathways
that regulate the cell (GAP3, a GTPase-activation
protein).
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CancerNet [cancernet.nci.nih.gov/] from the National Cancer Institute, NIH
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Von Hippel-Lindau syndrome is an inherited multi-
system disorder characterized by abnormal growth
of blood vessels. While blood vessels normally grow
like trees, in people with VHL little knots of blood
capillaries sometimes occur. These knots are called
angiomas or hemangioblastomas. Growths may
develop in the retina, certain areas of the brain, the
spinal cord, the adrenal glands and other parts of the
body.

The gene for Von-Hippel Lindau disease (VHL)
is found on chromosome 3, and is inherited in a
dominant fashion. If one parent has a dominant
gene, each child has a 50-50 chance of inheriting
that gene. The VHL gene is a tumor suppressor
gene. This means that its role in a normal cell is to
stop uncontrolled growth and proliferation. If the
gene is lost or mutated, then its inhibitory effect on
cell growth is lost or diminished, which, in combina-
tion with defects in other regulatory proteins, can
lead to cancerous growth. Like the Rb tumor sup-
pressor gene, VHL seems to act as a 'gatekeeper’ to
the multistep process of tumorigenesis.

Although unrelated to any other known family of
human proteins, homologs to human VHL are found
in mice and rats. Experiments using these animals

Important Links

as model organisms for the human disease are help-
ing researchers discover the normal physiological
role of VHL, which will shed light on its mechanism
of pathogenesis. Initial results suggest that VHL may
play a role in regulating exit form the cell cycle.

Microscopic section of hem-
angioblastorna, a turnor of the
cerebellurn characteriztically
found in patierts with von
Hippel-Lindau diseasze, [Image
credit: Kewin Roth and Robert
Schrnidt, Washington University,
St Louis, MO, USA, ]
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Williams syndrome

Williams syndrome is a rare congenital disorder
characterized by physical and development prob-
lems. Common features include characteristic "elfin-
like" facial features, heart and blood vessel prob-
lems, irritability during infancy, dental and kidney
abnormalities, hyperacusis (sensitive hearing) and
musculoskeletal problems. Although individuals with
Williams syndrome may show competence in areas
such as language, music and interpersonal relations,
their 1Qs are usually low.

In Williams syndrome individuals, both the gene
for elastin and an enzyme called LIM kinase are
deleted. Both genes map to the same small area on
chromosome 7. In normal cells, elastin is a key
component of connective tissue, conferring its elastic
properties. Mutation or deletion of elastin lead to the
vascular disease observed in Williams syndrome.
On the other hand, LIM kinase is strongly expressed
in the brain, and deletion of LIM kinase is thought to
account for the impaired visuospatial constructive
cognition in Williams syndrome.

Williams syndrome is a contiguous disease,
meaning that the deletion of this section of chromo-
some 7 may involve several more genes. Further
study will be required to round up all the genes

Important Links
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deleted in this disease. The remarkable musical and
verbal abilities of individuals with Williams syndrome,
and their tendency to be very sociable, has lead to
the suggestion that children with Williams syndrome
were an inspiration for folktales and legends, as the
'‘wee, magical people' were often musicians and sto-
rytellers.

Williarns syndromne is caused by a deletion of
part of chrorozorme 7 that includes the LIM
kinase and elastin coding sequences, Above,
thiz zequence [ stained red) can no langer be
seen in the chrormosorne with the deletion
[green arrow ), [Photograph kindly provided by
L. 5. Shaffer, Baylor College of Medicine. ]
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Wilson's Disease is a rare autosomal recessive dis-
order of copper transport, resulting in copper accu-
mulation and toxicity to the liver and brain. Liver
disease is the most common symptom in children;
neurological disease is most common in young
adults. The cornea of the eye can also be affected:
the 'Kayser-Fleischer ring' is a deep copper-colored
ring at the periphery of the cornea, and is thought to
represent copper deposits.

The gene for Wilson's disease (ATP7B) was
mapped to chromosome 13. The sequence of the

gene was found to be similar to sections of the gene

defective in Menkes disease, another disease
caused by defects in copper transport. The similar
sequences code for copper-binding regions, which
are part of a transmembrane pump called a P-type
ATPase that is very similar to the Menkes disease
protein.

A homolog to the human ATP7B gene has been

mapped to mouse chromosome 8, and an authentic
model of the human disease in rat is also available

Important Links

(called the Long-Evans Cinnamon [LEC][ rat). These
systems will be useful for studying copper transport
and liver pathophysiology, and should help in the
development of a therapy for Wilson disease.

In Wilzon's disease, toxic
levels of copper accurnul ate
and darmage many tissues
and organs, including the
basal ganglia of the brain,
[Irmage credit: Kevin Roth
and Robert Schrnidt,
Washington University,

St Louis, MO, USA, ]
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GeneClinics [www.geneclinics.org/profiles/wilson/] a medical genetics resource
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Zellweger syndrome is a rare hereditary disorder
affecting infants, and usually results in death.
Unusual problems in prenatal development, an
enlarged liver, high levels of iron and copper in the
blood, and vision disturbances are among the major
manifestations of Zellweger syndrome.

The PXR1 gene has been mapped to chromo-
some 12; mutations in this gene cause Zellweger
syndrome. The PXR1 gene product is a receptor
found on the surface of peroxisomes - microbodies
found in animal cells, especially liver, kidney and
brain cells. The function of peroxisomes is not fully
understood, although the enzymes they contain
carry out a number of metabolically important reac-
tions. The PXR1 receptor is vital for the import of
these enzymes into the peroxisomes: without it func-
tioning properly, the peroxisomes can not use the
enzymes to carry out their important functions, such
as cellular lipid metabolism and metabolic oxida-
tions.

There is a yeast homolog to human PXR1,
which should allow powerful molecular genetic tech-
nigues to be used in the investigation of the normal
role of peroxisomes in cells, as well as the molecular
events that occur in disease states.

Important Links

Peroxisornes are not detected
in Zellweager syndrome
fibroblasts (a), but can be
reconstituted by transfection
with PXR1 gene [b). [Irmage
credit: Mancy Braverran,
Gabrielle Dodt, Hugao Maser,
Stephen Gould and David WValle,
Johns Hopkins UMiversity,
Baltimare, MO, USA,
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Nutritional and Metabolic Diseases
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Metabolism is the means by which the body derives energy and synthesizes the other molecules it
needs from the fats, carbohydrates and proteins we eat as food, by enzymatic reactions helped by
minerals and vitamins.
This global statement masks the complicated network of enzyme- catalyzed reactions that
occurs in cells. Although this page is devoted to diseases caused by errors in metabolic processes,
there is actually a significant level of tolerance of errors in the system: often, a mutation in one

enzyme does not mean that the individual will suffer from a disease. A number of different enzymes
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may compete to modify the same molecule, and there may be more than one way to achieve the
same end result for a variety of metabolic intermediates. Disease will only occur if a critical enzyme
is disabled, or if a control mechanism for a metabolic pathway is affected.

Here, we highlight the diseases of metabolism for which a gene has been identified, cloned and
mapped. Many of these are inborn errors of metabolism: inherited traits that are due to a mutation in
a metabolic enzyme; others involve mutations in regulatory proteins and in transport mechanisms.
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Adrenoleukodystrophy

Nutritional and Metabolic Diseases

Adrenoleukodystrophy (ALD) is a rare, inherited
metabolic disorder that afflicts the young boy
Lorenzo Odone, whose story is told in the 1993 film
"Lorenzo's oil." In this disease, the fatty covering
(myelin sheath) on nerve fibers in the brain is lost,
and the adrenal gland degenerates, leading to pro-
gressive neurological disability and death.

People with ALD accumulate high levels of satu-
rated, very long chain fatty acids in their brain and
adrenal cortex because the fatty acids are not bro-
ken down by an enzyme in the normal manner. So,
when the ALD gene was discovered in 1993, it was
a surprise that the corresponding protein was in fact
a member of a family of transporter proteins, not an
enzyme. It is still a mystery as to how the transporter
affects the function the fatty acid enzyme and, for
that matter, how high levels of very long chain fatty
acids cause the loss of myelin on nerve fibers.

More recently, all the transporters related to ALD
protein have been found in the yeast Saccha-
romyces cerevisiae, and a mouse model for the

Important Links

human disease has been developed. These and
other molecular biology approaches should further
our understanding of ALD and hasten our progress
toward effective therapies.

Muelin-stained section of brain
in adrenoleukody strophy, sha-
wing build-up of long-chain
fatty acids [With thanks to
K.evin Roth and Robert
Schrnidt, Washington
University, St. Louis, Mo, USA,
for supplying the image. ]
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Diabetes, type 1

Nutritional and Metabolic Diseases

Diabetes is a chronic metabolic disorder that
adversely affects the body's ability to manufacture
and use insulin, a hormone necessary for the con-
version of food into energy. The disease greatly
increases the risk of blindness, heart disease, kidney
failure, neurological disease, and other conditions for
the approximately 16 million Americans who are
affected by it. Type 1, or juvenile onset diabetes, is
the more severe form of the illness.

Type 1 diabetes is what is known as a 'complex
trait', which means that mutations in several genes
likely contribute to the disease. For example, it is
now known that the insulin-dependent diabetes mel-
litus (IDDM1) locus on chromosome 6 may harbor at
least one susceptibility gene for Type 1 diabetes.
Exactly how a mutation at this locus adds to patient
risk is not clear, although a gene maps to the region
of chromosome 6 that also has genes for antigens
(the molecules that normally tell the immune system
not to attack itself). In Type 1 diabetes, the body's
immune system mounts an immunological assault
on its own insulin and the pancreatic cells that manu-
facture it. However, the mechanism of how this
happens is not yet understood.

About 10 loci in the human genome have now
been found that seem to confer susceptibility to Type
1 diabetes. Among these are 1) a gene at the locus

Important Links

IDDM2 on chromosome 11 and 2) the gene for glu-
cokinase (GCK), an enzyme that is key to glucose
metabolism which helps modulate insulin secretion,
on chromosome 7.

Conscientious patient care and daily insulin
dosages can keep patients comparatively healthy.
But in order to prevent the immunoresponses that
often cause diabetes, we will need to experiment
further with mouse models of the disease and
advance our understanding of how genes on other
chromosomes might add to a patient's risk of dia-
betes.

T lyrmphocytes attacking
insulin-praoducing

pancreatic islet cellz. [Irnage
credit: A, Cooke and John
Todd, Wellcorme Trust Certer
for Human Genetics, Oxford,
UK. ]
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Gaucher disease

Nutritional and Metabolic Diseases

Gaucher (pronounced "go-SHAY") disease is an
inherited illness caused by a gene mutation. Nor-
mally, this gene is responsible for an enzyme called
glucocerebrosidase that the body needs to break
down a particular kind of fat called glucocerebroside.
In people with Gaucher disease, the body is not able
to properly produce this enzyme, and the fat can not
be broken down. It then accumulates, mostly in the
liver, spleen, and bone marrow. Gaucher disease
can result in pain, fatigue, jaundice, bone damage,
anemia, and even death.

Gaucher disease is considerably more common
in the descendants of Jewish people from Eastern
Europe (Ashkenazi), although individuals from any
ethnic group may be affected. Among the Ashkenazi
Jewish population, Gaucher disease is the most
common genetic disorder, with an incidence of
approximately 1 in 450 persons. In the general pub-
lic, Gaucher disease affects approximately 1 in
100,000 persons. According to the National Gaucher
Foundation, 2500 Americans suffer from Gaucher
disease.

Important Links

In 1991, enzyme replacement therapy became
available as the first effective treatment for Gaucher
disease. The treatment consists of a modified form
of the glucocerebrosidase enzyme given intra-
venously. Performed on an outpatient basis, the
treatment takes about 1-2 h and is given every 2
weeks. Enzyme replacement therapy can stop and
often reverse the symptoms of Gaucher disease,
allowing patients to enjoy a better quality of life.

Gaucher cellz. [Image
credit: E. Beutler, Scripps
Fesearch Institute,

La dolla, CA, USA,]
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Glucose galactose malabsorption

Nutritional and Metabolic Diseases

Glucose Galactose Malabsorption (GGM) is a rare
metabolic disorder caused by a defect in glucose
and galactose transport across the intestinal lining.
GGM is characterized by severe diarrhea and dehy-
dration as early as the first day of life and can result
in rapid death if lactose (milk sugar), sucrose (table
sugar), glucose, and galactose are not removed
from the diet. Half of the 200 severe GGM cases
found worldwide result from familial intermarriage. At
least 10% of the general population has glucose
intolerance, however, and it is possible that these
people may have milder forms of the disease.

GGM is an autosomal recessive disorder in
which affected individuals inherit two defective
copies of the SGLT1 gene, located on chromosome
22. Normally within the space enclosed by the small
intestine (called the lumen), lactose is broken down
into glucose and galactose by an enzyme called lac-
tase, while sucrose is broken down into glucose and
fructose by an enzyme called sucrase. The protein
product of SGLT1 then moves the glucose and the
galactose from the lumen of the small intestine into
intestinal cells. Usually the mutations carried by
GGM individuals result in nonfunctional truncated
SGLT1 proteins or in the improper placement of the
proteins such that they can not transport glucose
and galactose out of the intestinal lumen. The glu-
cose and galactose, if left untransported, draw water
out of the body into the intestinal lumen, resulting in
diarrhea.

Although no cure exists for GGM, patients can
control their symptoms (diarrhea) by removing lac-
tose, sucrose, and glucose from their diets. Infants

Important Links

showing a prenatal diagnosis of GGM will thrive on a
fructose-based replacement formula and will later
continue their "normal” physical development on a
fructose-based solid diet. Older children and adults
with severe GGM can also manage their symptoms
on a fructose-based diet and may show improved
glucose tolerance and even clinical remission as
they age.
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http://www.niddk.nih.gov/health/digest/nddic.htm

Hereditary hemochromatosis

Hereditary hemochromatosis is an inherited disorder
that increases the amount of iron that the body
absorbs from the gut. Symptoms are caused by this
excess iron being deposited in multiple organs of the
body. Most commonly, excess iron in the liver
causes cirrhosis, which may develop into liver can-
cer. Iron deposits in the pancreas can result in
diabetes. Similarly, excess iron stores can cause
cardiomyopathy, pigmentation of the skin, and arthri-
tis.

Many mutations in the body's iron transport sys-
tem can cause hemochromatosis; however, most
cases are caused by mutations in the HFE gene.
This is located on chromosome 6, and one mutation
leads to the substitution of the 282" amino acid.
Cysteine becomes tyrosine, therefore the mutation is
called C282Y. The switch of amino acids is thought
to affect how the HFE protein interacts with the
transferrin receptor (TFR1), which plays an impor-
tant role in iron homeostasis. A less common muta-
tion, H63D, has also been identified in the HFE
gene.

Hemochromatosis is one of the most common
autosomal recessive disorders among Caucasians in
the United States; however, only a small proportion
of these people suffer any symptoms. This may be
attributable to both environmental (diet and blood
loss) and genetic factors. Recent advances in the
development of animal models that show the com-

Important Links
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plications of hemochromatosis may soon provide
useful tools in deciphering how other genes play a
part in iron regulation.

To see the interactive version of this figure
requires Cn3D [www.nchi.nIm.nih.gov/Structure/
CN3D/cn3d.shtml], a three-dimensional structure
viewer.
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Thiz iz becauss the body's processing ofthe protein
removes 22 amino addsto produce the mature protein .

The C260Y mutstion oocurs inthe alpha 3 domain and
distupts the association between the chains.

Mutant HFE is unakle to bind ta the irondoaded transferrin
rececptar. Without this interaction, the receptor brings
mare iron inta the cells.
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Hemochromatosis [www.niddk.nih.gov/health/digest/pubs/hemochrom/hemochromatosis.htm#info/] from the National Institute of
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American Hemochromatosis Society [www.americanhs.org/] information and patient support
Factsheet [www.cdc.gov/nccdphp/dnpa/hemochromatosis/] from the Centers for Disease Control and Prevention
GeneReviews [www.genetests.org/profiles/hemochromatosis] a medical genetics resource
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Lesch-Nyhan syndrome

Nutritional and Metabolic Diseases

Lesch-Nyhan syndrome (LNS) is a rare inherited
disease that disrupts the metabolism of the raw
material of genes.

These raw materials are called purines, and they
are an essential part of DNA and RNA. The body
can either make purines (de novo synthesis) or
recycle them (the resalvage pathway). Many
enzymes are involved in these pathways. When one
of these enzymes is missing, a wide range of prob-
lems can occur.

In LNS, there is a mutation in the HPRT1 gene
located on the X chromosome. The product of the
normal gene is the enzyme hypoxanthine-guanine
phosphoribosyltransferase, which speeds up the
recycling of purines from broken down DNA and
RNA. Many different types of mutations affect this
gene, and the result is a very low level of the
enzyme.

The mutation is inherited in an X-linked fashion.
Females who inherit one copy of the mutation are
not affected because they have two copies of the X
chromosome (XX). Males are severely affected
because they only have one X chromosome (XY),
and therefore their only copy of the HPRT1 gene is
mutated.

Mutations of the HPRT1 gene cause three main
problems. First is the accumulation of uric acid that
normally would have been recycled into purines.
Excess uric acid forms painful deposits in the skin
(gout) and in the kidney and bladder (urate stones).
The second problem is self-mutilation. Affected indi-

Important Links

viduals have to be restrained from biting their fingers
and tongues. Finally, there is mental retardation and
severe muscle weakness.

In the year 2000 it was shown that the genetic
deficiency in LNS could be corrected in vitro. A virus
was used to insert a normal copy of the HPRT1
gene into deficient human cells. Such techniques
used in gene therapy may one day provide a cure for
this disease. For now, medications are used to
decrease the levels of uric acid.

The human HPRTY
gene contains 9 exons.

A owide variety of
HFRTT mutations
I can cause LMS, these
include deletions,
insertions, single-base
substitutions, and
frame-shift mutations.

Meon coding
region of exon
Coding region
of exon

. Intron
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Fact sheet [http://www.ninds.nih.gov/health_and_medical/disorders/lesch_doc.htm]from National Institute of Neurological Disorders
and Stroke, NIH

GeneReviews [www.geneclinics.org/profiles/Ins]a medical genetics resource
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Maple syrup urine disease

Nutritional and Metabolic Diseases

Maple Syrup Urine Disease (MSUD) is an inherited
disorder so named because one of its first signs is
urine that has an odor reminiscent of maple syrup.
The underlying defect disrupts the metabolism of
certain amino acids. These are amino acids that
have a branched side chain. Because they cannot
be fully broken down, they accumulate in the urine,
along with their metabolites (alpha-ketoacids) to give
the distinctive smell. Left untreated, there is progres-
sive neurodegeneration leading to death within the
first months of life.

Three amino acids have branched side chains:
valine, leucine, and isoleucine. They are an essential
element in the diet and are broken down by the body
to yield energy. One step in this breakdown involves
the branched-chain alpha-ketoacid dehydrogenase
(BCKDH) complex, which consists of three catalytic
components and two regulatory enzymes. In total,
six gene loci encode for the BCKDH, and mutations
in different loci are responsible for the genetic variety
seen in MSUD.

The Mennonite community of Lancaster County,
Pennsylvania is particularly afflicted by MSUD, with
over 1 of 176 individuals affected. This is due to a
high carrier rate of a mutation in the Elalpha-subunit
of the BCKDH complex. By contrast, the disease is
rare in the general population.

Important Links

Currently treatment consists of restricting the
dietary intake of branched-chain amino acids to the
absolute minimum that is needed for growth. How-
ever, studies have already shown that it is possible
to transfer subunits of the BCKDH enzyme into cells
using a retrovirus. Similar advances in gene therapy
may provide a future cure.
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MSUD Family Support Group [www.msud-support.org/] patient information and support
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Menkes syndrome

Nutritional and Metabolic Diseases

Menkes syndrome is an inborn error of metabolism
that markedly decreases the cells' ability to absorb
copper. The disorder causes severe cerebral
degeneration and arterial changes, resulting in death
in infancy. The disease can often be diagnosed by
looking at a victim's hair, which appears to be both
whitish and kinked when viewed under a micro-
scope.

Menkes' disease is transmitted as an X-linked
recessive trait. Sufferers can not transport copper,
which is needed by enzymes involved in making
bone, nerve and other structures. A number of other
diseases, including type IX Ehlers-Danlos syndrome,
may be the result of allelic mutations (i.e. mutations
in the same gene, but having slightly different symp-
toms) and it is hoped that research into these dis-
eases may prove useful in fighting Menkes' disease.

If administered within the first few months of life,
copper histidinate appears to be effective in increas-
ing the life expectancy of some patients. However,

Important Links

this treatment only increases life expectancy from
three to thirteen years of age, so can only be con-
sidered a palliative. A similar condition to Menkes'
disease exists in mice; working with these model
organisms will help give insight into human copper
transport mechanisms, so helping to develop effec-
tive treatments for Menkes' sufferers.

Abnc\rmal F‘urklrge cell dendrlteg in the braln of a
patiert with Menkes disease, [Image credit: Kevin
Raoth and Robert Schrnidk, Washington University,
St Louis, MO, USAL]
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Niemann-Pick disease

Nutritional and Metabolic Diseases

In 1914, German pediatrician Albert Niemann
described a young child with brain and nervous sys-
tem impairment. Later, in the 1920's, Luddwick Pick
studied tissues after the death of such children and
provided evidence of a new disorder, distinct from
those storage disorders previously described.

Today, there are three separate diseases that
carry the name Niemann-Pick: Type A is the acute
infantile form, Type B is a less common, chronic,
non-neurological form, while Type C is a biochemi-
cally and genetically distinct form of the disease.
Recently, the major locus responsible for Niemann—
Pick type C (NP-C) was cloned from chromosome
18, and found to be similar to proteins that play a
role in cholesterol homeostasis.

Usually, cellular cholesterol is imported into
lysosomes—'bags of enzymes' in the cell—for pro-
cessing, after which it is released. Cells taken from
NP-C patients have been shown to be defective in

Important Links

releasing cholesterol from lysosomes. This leads to
an excessive build-up of cholesterol inside lyso-
somes, causing processing errors. NPC1 was found
to have known sterol-sensing regions similar to
those in other proteins, which suggests it plays a
role in regulating cholesterol traffic.

Cells stained to show unesterified
cholesteral in MP-C cells (white], The
arrow 5 show cell normalized by trans-
fection with MPC1 DA, [Reproduced
with perrnizsion frorm Carstea et al,
{1997) Science 277, 228-231.]
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Fact sheet [www.ninds.nih.gov/health_and_medical/disorders/niemann.doc.htm] from the National Institute of Neurological

Disorders and Stroke, NIH

National Niemann-Pick Disease Foundation [www.nnpdf.org] an educational, support and fund-raising organization
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Obesity

Nutritional and Metabolic Diseases

Obesity is an excess of body fat that frequently
results in a significant impairment of health. Doctors
generally agree that men with more than 25% body
fat and women with more than 30% are obese. Obe-
sity is a known risk factor for chronic diseases includ-
ing heart disease, diabetes, high blood pressure,
stroke and some forms of cancer. Evidence sug-
gests that obesity has more than one cause: genetic,
environmental, psychological and other factors may
all play a part.

The hormone leptin, produced by adipocytes (fat
cells), was discovered about three years ago in
mice. Subsequently the human Ob gene was
mapped to chromosome 7. Leptin is thought to act
as a lipostat: as the amount of fat stored in
adipocytes rises, leptin is released into the blood
and signals to the brain that the body has enough to
eat. However, most overweight people have high
levels of leptin in their bloodstream, indicating that
other molecules also effect feelings of satiety and
contribute to the regulation of body weight.

The discovery of leptin has initiated a flurry of
research into the molecular basis of weight control.
A whole network of signals contributes to weight

Important Links

homeostasis, and other key players are being dis-
covered on an ongoing basis. Mice have proved to
be an extremely useful model for human obesity,
and have helped to begin to unravel the components
that contribute to maintaining body weight. Since the
market for effective weight-reducing therapies is
enormous, drug companies are working alongside
basic scientists to find possible drug targets among
the tangle of molecules that control body weight.

A rnouse with the Obese
[2B) ragtation and a
norrnal mouse, [Irnage
credit: Jeff Friedman,
Rockfeller University, Mew
work, MY, USA, Reprinted
from Science, with
permission, ]
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Weight-control information network [www.niddk.nih.gov/health/nutrit/win.htm] from the National Institute of Diabetes and Digestive

and Kidney Diseases, NIH
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Pancreatic cancer

The pancreas is responsible for producing the hor- Likewise, homozygous Smad4 mutant mouse
mone insulin, along with other substances. It also embryos die before embryonic day 7.5, and have
plays a key role in the digestion of protein. There reduced size because of reduced cell proliferation.
were an estimated 27,000 new cases of pancreatic Research on these model organisms should help
cancer in the US in 1997, with 28,100 deaths from elucidate the role of Smad4 and related proteins in
the disease. humans.

About 90% of human pancreatic carcinomas
show a loss of part of chromosome 18. In 1996, a
possible tumor suppressor gene, DPC4 (Smad4),
was discovered from the section that is lost in pan-
creatic cancer, so may play a role in pancreatic
cancer. There is a whole family of Smad proteins in
vertebrates, all involved in signal transduction of
transforming growth factor B (TGFp) related path-

ways. Other tumor suppressor genes include p53

and Rb, which, if mutated or absent from the Loss of DPC4 (Srnad4) gene
. . causes pancreatic cancers to
genome can contribute to cancerous growth Ina grow aggressively, as seen
. . by turmor cells invading a
variety of tissues. nerve bundle. [Image credit:
DPC4 (Smad4) homologs exist in the worm By Hbib e ohns H opiifis

University, Baltirnore, MD,

(Caenorhabditis elegans), mouse and the fly USA, Reprinted from SCIEMCE,
. . ] with perrmizsion ]
(Drosophila). In Drosophila, when the gene is not

present, there a number of developmental defects.

Important Links
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CancerNet [cancernet.nci.nih.gov/] from the National Cancer Institute, NIH
Oncolink [oncolink.upenn.edu/] comprehensive cancer information from the University of Pennsylvania
American Cancer Society [www.cancer.org] research and patient support

MEDLINEplus [www.nIm.nih.gov/medlineplus/pancreaticcancer.html] links on pancreatic cancer compiled by the National Library of
Medicine
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Phenylketonuria

Nutritional and Metabolic Diseases

Phenylketonuria (PKU) is an inherited error of
metabolism caused by a deficiency in the enzyme
phenylalanine hydroxylase. Loss of this enzyme
results in mental retardation, organ damage, unusual
posture and can, in cases of maternal PKU, severely
compromise pregnancy.

Classical PKU is an autosomal recessive disor-
der, caused by mutations in both alleles of the gene
for phenylalanine hydroxylase (PAH), found on
chromosome 12. In the body, phenylalanine hydroxy-
lase converts the amino acid phenylalanine to tyro-
sine, another amino acid. Mutations in both copies of
the gene for PAH means that the enzyme is inactive
or is less efficient, and the concentration of pheny-
lalanine in the body can build up to toxic levels. In
some cases, mutations in PAH will result in a pheno-
typically mild form of PKU called hyperphenylalane-
mia. Both diseases are the result of a variety of
mutations in the PAH locus; in those cases where a
patient is heterozygous for two mutations of PAH (ie
each copy of the gene has a different mutation), the
milder mutation will predominate.

Important Links

A form of PKU has been discovered in mice, and
these model organisms are helping us to better
understand the disease, and find treatments against
it. With careful dietary supervision, children born with
PKU can lead normal lives, and mothers who have
the disease can produce healthy children.
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The enzyrne phenvlalanine hydrowylasze
corwerts the amino acid phenylalanine to
tyrosine
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National PKU News [www.pkunews.org] news and information about PKU

GeneClinics [www.geneclinics.org/profiles/pku/] a medical genetics resource
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Prader-Willi syndrome

Prader-Willi syndrome (PWS) is an uncommon inher-
ited disorder characterized by mental retardation,
decreased muscle tone, short stature, emotional
lability and an insatiable appetite which can lead to
life-threatening obesity. The syndrome was first
described in 1956 by Drs. Prader, Labhart, and Willi.

PWS is caused by the absence of segment 11-
13 on the long arm of the paternally derived chromo-
some 15. In 70-80% of PWS cases, the region is
missing due to a deletion. Certain genes in this
region are normally suppressed on the maternal
chromosome, so, for normal development to occur,
they must be expressed on the paternal chromo-
some. When these paternally derived genes are
absent or disrupted, the PWS phenotype results.
When this same segment is missing from the mater-
nally derived chromosome 15, a completely different
disease, Angelman syndrome, arises. This pattern of
inheritance — when expression of a gene depends
on whether it is inherited from the mother or the
father — is called genomic imprinting. The mecha-
nism of imprinting is uncertain, but, it may involve
DNA methylation.

Genes found in the PWS chromosomal region
code for the small ribonucleoprotein N (SNRPN).
SNRPN is involved in mRNA processing, an inter-

Important Links
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mediate step between DNA transcripton and protein
formation. A mouse model of PWS has been devel-
oped with a large deletion which includes the
SNRPN region and the PWS 'imprinting centre' (IC)
and shows a phenotype similar to infants with PWS.
These and other molecular biology techniques may
lead to a better understanding of PWS and the
mechanisms of genomic imprinting.

In the Prader-Willi syndrome {PWS) call
abova, the maternally darived chromo-
some 15 (red arrow) shows bwo signals:
ane fram a control area (which 5 also
saan in the patemally derved chroma-
same [yellow arrow]) and anather, which
is from the PWS region. This signal is
missing from the paternal chromosomea
because the regian is deletad in this
PWS patient. [Reproducad with parmis-
sion from Martin et al. (1998) Am J Psy-
chiatry Sep;155({9):1265-73.]
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Prader-Willi Syndrome Association (USA) [www.pwsausa.org/] information, education, and support services

GeneClinics [www.geneclinics.org/profiles/pws/] a medical genetics resource
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Nutritional and Metabolic Diseases
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Porphyria is a diverse group of diseases in
which production of heme is disrupted. Porphyria is
derived from the Greek word "porphyra”, which
means purple. When heme production is faulty, por-
phyrins are overproduced and lend a reddish-purple
color to urine.

Heme is composed of porphyrin, a large circular
molecule made from four rings linked together with
an iron atom at its center. Heme is the oxygen-
binding part of hemoglobin, giving red blood cells
their color. It is also a component of several vital
enzymes in the liver including the group known as

Important Links

cytochrome P450. This enzyme family is important in
converting potentially harmful substances such as
drugs to inactive products destined for excretion.

Heme synthesis takes place in several steps,
each of which requires a specific enzyme of which
there are 8 in total. The genes that encode these
enzymes are located on different chromosomes, and
mutations of these genes can be inherited in either
an autosomal dominant or autosomal recessive fash-
ion, depending on the gene concerned. Affected
individuals are unable to complete heme synthesis,
and intermediate products, porphyrin or its precur-
sors, accumulate.

Environmental triggers are important in many
attacks of porphyria. Example triggers include cer-
tain medications, fasting, or hormonal changes.
Genetic carriers who avoid a triggering exposure
may never experience symptoms.

The cutaneous porphyrias cause sun sensitivity,
with blistering typically on the face, back of the
hands, and other sun-exposed areas. The most
common of these is porphyria cutanea tarda (PCT).
Triggering factors are alcohol use, estrogen, iron,
and liver disease, particularly hepatitis C.

The acute porphyrias typically cause abdominal
pain and nausea. Some patients have personality
changes and seizures at the outset. With time the
illness can involve weakness in many different mus-
cles.

The cutaneous and acute forms are treated dif-
ferently. Cure of these genetic diseases awaits the
results of ongoing research on the safest and most
effective means of gene transfer or correction.
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Fact sheet [http://digestive.niddk.nih.gov/ddiseases/pubs/porphyria/lfrom National Institute of Diabetes and Digestive and Kidney

Diseases (NIDDK), NIH

nes and disorders

MedlinePlus [http://www.nIm.nih.gov/medlineplus/ency/article/001208.htm]a medical encyclopedia from the National Library of

Medicine, NIH
Step in Pathway Enzyme Disease caused by enzyme deficiency

1 ALA synthase
2 ALA detwdratase ALAD porphyria
3 HmMB synthase Acute intermittant porphyria
4 Lroporphyrinogen synthase (UROE) Congenital ervthropoietic porphyria
i) Liroporphyrinoden decarhoxylase (LR D) Faorphyria cutanea tarda
B Coproparphyrinogen oxidase Hereditary copropophiria
T FProtoporptwrinogen oxidase Yariegate pophyria
g Ferrachelstase Ervthropaietic protoparphyria
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Refsum disease

Nutritional and Metabolic Diseases

Refsum disease is a rare disorder of lipid
metabolism that is inherited as a recessive trait.
Symptoms may include a degenerative nerve dis-
ease (peripheral neuropathy), failure of muscle
coordination (ataxia), retinitis pigmentosa (a pro-
gressive vision disorder), and bone and skin
changes. Refsum disease is characterized by an
accumulation of phytanic acid in the plasma and
tissues. is a derivative of phytol, a component of
chlorophyll.

In 1997 the gene for Refsum disease was identi-
fied and mapped to chromosome 10. The protein
product of the gene, PAHX, is an enzyme that is
required for the metabolism of phytanic acid. Refsum
disease patients have impaired PAHX - phytanic

Important Links

acid hydrolase. It is thought that Refsum disease is a
peroxisomal disorder, since human PAHX contains
PTS2 localization sequences, which target it to the
peroxisome.

Our bodies can not synthesize phytanic acid: we
have to obtain all of it from our food. Therefore, pro-
longed treatment with a diet deficient in phytanic
acid can be beneficial.

Sl ;| breakdown phytel ingested as a part’: ;
i 5 of their diet., B
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Tangier disease

Nutritional and Metabolic Diseases

Tangier disease (TD) is a genetic disorder of choles-
terol transport named for the secluded island of
Tangier, located off the coast of Virginia. TD was
first identified in a five-year-old inhabitant of the
island who had characteristic orange tonsils, very
low levels of high density lipoprotein (HDL) or 'good
cholesterol', and an enlarged liver and spleen.

TD is caused by mutations in the ABC1 (ATP-
binding cassette) gene on chromosome 9q31. ABC1
codes for a protein that helps rid cells of excess
cholesterol. This cholesterol is then picked up by
HDL particles in the blood and carried to the liver,
which processes the cholesterol to be reused in cells
throughout the body. Individuals with TD are unable
to eliminate cholesterol from cells, leading to its
buildup in the tonsils and other organs.

The discovery of this important cholesterol
transport gene may lead to a better understanding of
the inverse relationship between HDL levels and
coronary artery disease, an important killer in the
US. New drugs that regulate HDL levels may be
developed and such drugs would not only help indi-
viduals with TD, but also people with more common

Important Links

disorders such as familial HDL deficiency. This is a
good illustration of how research into rare diseases
can sometimes help more common disorders.
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[Adapted from Young and Fielding (19991 Mat Genet.
A 220413168 | with permission]
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Tay-Sachs disease, a heritable metabolic disorder
commonly associated with Ashkenazi Jews, has also
been found in the French Canadians of Southeast-
ern Quebec, the Cajuns of Southwest Louisiana, and
other populations throughout the world. The severity
of expression and the age at onset of Tay-Sachs
varies from infantile and juvenile forms that exhibit
paralysis, dementia, blindness and early death to a
chronic adult form that exhibits neuron dysfunction
and psychosis.

Tay-Sachs is an autosomal recessive disease
caused by mutations in both alleles of a gene
(HEXA) on chromosome 15. HEXA codes for the
alpha subunit of the enzyme B-hexosaminidase A.
This enzyme is found in lysosomes, organelles that
break down large molecules for recycling by the cell.
Normally, B-hexosaminidase A helps to degrade a
lipid called GM2 ganglioside, but in Tay-Sachs indi-
viduals, the enzyme is absent or present only in very
reduced amounts, allowing excessive accumulation
of the GM2 ganglioside in neurons. The progressive
neurodegeneration seen in the varied forms of Tay-
Sachs depends upon the speed and degree of GM2
ganglioside accumulation, which in turn is dependent
upon the level of functional B-hexosaminidase A
present in the body.

A mouse model has been developed for Tay-
Sachs, although its usefulness is limited since Tay-
Sachs mice possess a minor alternative pathway for
breaking down GM2 ganglioside. Treatment of the
late onset form of Tay-Sachs with a ganglioside syn-
thesis inhibitor shows promise. The effectiveness
this and other treatments on individuals with the
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infantile (the most common) form of the disease is
extremely limited since the extent of neurological
damage prior to birth is unknown. The difficulty in
reversing such damage will make it hard to develop
an effective treatment for the infantile form of the
disease. It is hoped, however, that the latter onset
forms of Tay-Sachs may prove responsive to treat-
ment, and such treatment combined with the DNA
and enzymatic screening programs currently in use
will lead to the eventual control of this disease.
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Model for Gyga ganglioside metabolism.
Under normal conditions, f-hexosaminidase
works in the lysosome of nerve cells to
breakdown unwanled gangboside Gz, a
component of the nerve cell membrane, This
requires three components: an c-subunit, a
fsubunit and an actvator subunit. In Tay
Sachs disease, the alpha subunit of
hexosamnidase malfunctions, leading to a
toxic build-up of the Gy ganglioside in the
lysosyme. [Adapted from: Chavany, C. and
Jendoubi, M. (1998) Mol Med, Today, 4; 158-
165, with permession.)

Gene sequence
Genome view see gene locations
Entrez Gene collection of gene-related information

BLink [www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4504371&org=1] related sequences in different organisms

23


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=Tay-Sachs%20OR%20HEXA
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=3073
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4504371&org=1

Genes and Disease Nutritional and Metabolic Diseases

The literature

Research articles online full text

Books online books section

OMIM catalog of human genes and disorders
Websites

Fact Sheet [www.ninds.nih.gov/health_and_medical/disorders/taysachs_doc.htm] from National Institute of Neurological Disorders
and Stroke

NTSAD [www.ntsad.org/] National Tay-Sachs and Allied Diseases Association
GeneClinics [www.geneclinics.org/profiles/tay-sachs/] a medical genetics resource

24


http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=Tay-Sachs%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=Tay-Sachs
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=272800
http://www.ninds.nih.gov/health_and_medical/disorders/taysachs_doc.htm
http://www.ntsad.org/
http://www.geneclinics.org/profiles/tay-sachs/

Genes and Disease

Wilson's disease

Nutritional and Metabolic Diseases

Wilson's Disease is a rare autosomal recessive dis-
order of copper transport, resulting in copper accu-
mulation and toxicity to the liver and brain. Liver
disease is the most common symptom in children;
neurological disease is most common in young
adults. The cornea of the eye can also be affected:
the 'Kayser-Fleischer ring' is a deep copper-colored
ring at the periphery of the cornea, and is thought to
represent copper deposits.

The gene for Wilson's disease (ATP7B) was
mapped to chromosome 13. The sequence of the

gene was found to be similar to sections of the gene

defective in Menkes disease, another disease
caused by defects in copper transport. The similar
sequences code for copper-binding regions, which
are part of a transmembrane pump called a P-type
ATPase that is very similar to the Menkes disease
protein.

A homolog to the human ATP7B gene has been

mapped to mouse chromosome 8, and an authentic

Important Links

model of the human disease in rat is also available
(called the Long-Evans Cinnamon [LEC][ rat). These
systems will be useful for studying copper transport
and liver pathophysiology, and should help in the
development of a therapy for Wilson disease.

In Wilzon's disease, toxic
levels of copper accurnul ate
and darnage rnany tizsues
and organs, including the
bazal ganglia of the brain.
[Irmage credit: Kevin Roth
and Robert Schrnidt,
Washington University,

St Louis, MO, USA, ]
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Zellweger syndrome is a rare hereditary disorder
affecting infants, and usually results in death.
Unusual problems in prenatal development, an
enlarged liver, high levels of iron and copper in the
blood, and vision disturbances are among the major
manifestations of Zellweger syndrome.

The PXR1 gene has been mapped to chromo-
some 12; mutations in this gene cause Zellweger
syndrome. The PXR1 gene product is a receptor
found on the surface of peroxisomes - microbodies
found in animal cells, especially liver, kidney and
brain cells. The function of peroxisomes is not fully
understood, although the enzymes they contain
carry out a number of metabolically important reac-
tions. The PXR1 receptor is vital for the import of
these enzymes into the peroxisomes: without it func-
tioning properly, the peroxisomes can not use the
enzymes to carry out their important functions, such
as cellular lipid metabolism and metabolic oxida-
tions.

There is a yeast homolog to human PXR1,
which should allow powerful molecular genetic tech-

Important Links

nigues to be used in the investigation of the normal
role of peroxisomes in cells, as well as the molecular
events that occur in disease states.

Peroxisornes are not detected
in Zellweager syndrome
fibroblasts (a), but can be
reconstituted by transfection
with PXR1 gene [b). [Irmage
credit: Mancy Braverran,
Gabrielle Dodt, Hugao Maser,
Stephen Gould and David WValle,
Johns Hopkins UMiversity,
Baltimare, MO, USA,
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Nutritional and Metabolic Diseases
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Metabolism is the means by which the body derives energy and synthesizes the other molecules it
needs from the fats, carbohydrates and proteins we eat as food, by enzymatic reactions helped by
minerals and vitamins.
This global statement masks the complicated network of enzyme- catalyzed reactions that
occurs in cells. Although this page is devoted to diseases caused by errors in metabolic processes,
there is actually a significant level of tolerance of errors in the system: often, a mutation in one

enzyme does not mean that the individual will suffer from a disease. A number of different enzymes
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may compete to modify the same molecule, and there may be more than one way to achieve the
same end result for a variety of metabolic intermediates. Disease will only occur if a critical enzyme
is disabled, or if a control mechanism for a metabolic pathway is affected.

Here, we highlight the diseases of metabolism for which a gene has been identified, cloned and
mapped. Many of these are inborn errors of metabolism: inherited traits that are due to a mutation in
a metabolic enzyme; others involve mutations in regulatory proteins and in transport mechanisms.
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Adrenoleukodystrophy

Nutritional and Metabolic Diseases

Adrenoleukodystrophy (ALD) is a rare, inherited
metabolic disorder that afflicts the young boy
Lorenzo Odone, whose story is told in the 1993 film
"Lorenzo's oil." In this disease, the fatty covering
(myelin sheath) on nerve fibers in the brain is lost,
and the adrenal gland degenerates, leading to pro-
gressive neurological disability and death.

People with ALD accumulate high levels of satu-
rated, very long chain fatty acids in their brain and
adrenal cortex because the fatty acids are not bro-
ken down by an enzyme in the normal manner. So,
when the ALD gene was discovered in 1993, it was
a surprise that the corresponding protein was in fact
a member of a family of transporter proteins, not an
enzyme. It is still a mystery as to how the transporter
affects the function the fatty acid enzyme and, for
that matter, how high levels of very long chain fatty
acids cause the loss of myelin on nerve fibers.

More recently, all the transporters related to ALD
protein have been found in the yeast Saccha-
romyces cerevisiae, and a mouse model for the

Important Links

human disease has been developed. These and
other molecular biology approaches should further
our understanding of ALD and hasten our progress
toward effective therapies.

Muelin-stained section of brain
in adrenoleukody strophy, sha-
wing build-up of long-chain
fatty acids [With thanks to
K.evin Roth and Robert
Schrnidt, Washington
University, St. Louis, Mo, USA,
for supplying the image. ]
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Diabetes is a chronic metabolic disorder that
adversely affects the body's ability to manufacture
and use insulin, a hormone necessary for the con-
version of food into energy. The disease greatly
increases the risk of blindness, heart disease, kidney
failure, neurological disease, and other conditions for
the approximately 16 million Americans who are
affected by it. Type 1, or juvenile onset diabetes, is
the more severe form of the illness.

Type 1 diabetes is what is known as a 'complex
trait', which means that mutations in several genes
likely contribute to the disease. For example, it is
now known that the insulin-dependent diabetes mel-
litus (IDDM1) locus on chromosome 6 may harbor at
least one susceptibility gene for Type 1 diabetes.
Exactly how a mutation at this locus adds to patient
risk is not clear, although a gene maps to the region
of chromosome 6 that also has genes for antigens
(the molecules that normally tell the immune system
not to attack itself). In Type 1 diabetes, the body's
immune system mounts an immunological assault
on its own insulin and the pancreatic cells that manu-
facture it. However, the mechanism of how this
happens is not yet understood.

About 10 loci in the human genome have now
been found that seem to confer susceptibility to Type
1 diabetes. Among these are 1) a gene at the locus

Important Links

IDDM2 on chromosome 11 and 2) the gene for glu-
cokinase (GCK), an enzyme that is key to glucose
metabolism which helps modulate insulin secretion,
on chromosome 7.

Conscientious patient care and daily insulin
dosages can keep patients comparatively healthy.
But in order to prevent the immunoresponses that
often cause diabetes, we will need to experiment
further with mouse models of the disease and
advance our understanding of how genes on other
chromosomes might add to a patient's risk of dia-
betes.

T lyrmphocytes attacking
insulin-praoducing

pancreatic islet cellz. [Irnage
credit: A, Cooke and John
Todd, Wellcorme Trust Certer
for Human Genetics, Oxford,
UK. ]
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Gaucher (pronounced "go-SHAY") disease is an
inherited illness caused by a gene mutation. Nor-
mally, this gene is responsible for an enzyme called
glucocerebrosidase that the body needs to break
down a particular kind of fat called glucocerebroside.
In people with Gaucher disease, the body is not able
to properly produce this enzyme, and the fat can not
be broken down. It then accumulates, mostly in the
liver, spleen, and bone marrow. Gaucher disease
can result in pain, fatigue, jaundice, bone damage,
anemia, and even death.

Gaucher disease is considerably more common
in the descendants of Jewish people from Eastern
Europe (Ashkenazi), although individuals from any
ethnic group may be affected. Among the Ashkenazi
Jewish population, Gaucher disease is the most
common genetic disorder, with an incidence of
approximately 1 in 450 persons. In the general pub-
lic, Gaucher disease affects approximately 1 in
100,000 persons. According to the National Gaucher
Foundation, 2500 Americans suffer from Gaucher
disease.

Important Links

In 1991, enzyme replacement therapy became
available as the first effective treatment for Gaucher
disease. The treatment consists of a modified form
of the glucocerebrosidase enzyme given intra-
venously. Performed on an outpatient basis, the
treatment takes about 1-2 h and is given every 2
weeks. Enzyme replacement therapy can stop and
often reverse the symptoms of Gaucher disease,
allowing patients to enjoy a better quality of life.

Gaucher cellz. [Image
credit: E. Beutler, Scripps
Fesearch Institute,

La dolla, CA, USA,]
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Glucose Galactose Malabsorption (GGM) is a rare
metabolic disorder caused by a defect in glucose
and galactose transport across the intestinal lining.
GGM is characterized by severe diarrhea and dehy-
dration as early as the first day of life and can result
in rapid death if lactose (milk sugar), sucrose (table
sugar), glucose, and galactose are not removed
from the diet. Half of the 200 severe GGM cases
found worldwide result from familial intermarriage. At
least 10% of the general population has glucose
intolerance, however, and it is possible that these
people may have milder forms of the disease.

GGM is an autosomal recessive disorder in
which affected individuals inherit two defective
copies of the SGLT1 gene, located on chromosome
22. Normally within the space enclosed by the small
intestine (called the lumen), lactose is broken down
into glucose and galactose by an enzyme called lac-
tase, while sucrose is broken down into glucose and
fructose by an enzyme called sucrase. The protein
product of SGLT1 then moves the glucose and the
galactose from the lumen of the small intestine into
intestinal cells. Usually the mutations carried by
GGM individuals result in nonfunctional truncated
SGLT1 proteins or in the improper placement of the
proteins such that they can not transport glucose
and galactose out of the intestinal lumen. The glu-
cose and galactose, if left untransported, draw water
out of the body into the intestinal lumen, resulting in
diarrhea.

Although no cure exists for GGM, patients can
control their symptoms (diarrhea) by removing lac-
tose, sucrose, and glucose from their diets. Infants

Important Links

showing a prenatal diagnosis of GGM will thrive on a
fructose-based replacement formula and will later
continue their "normal” physical development on a
fructose-based solid diet. Older children and adults
with severe GGM can also manage their symptoms
on a fructose-based diet and may show improved
glucose tolerance and even clinical remission as
they age.
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http://www.niddk.nih.gov/health/digest/nddic.htm

Hereditary hemochromatosis

Hereditary hemochromatosis is an inherited disorder
that increases the amount of iron that the body
absorbs from the gut. Symptoms are caused by this
excess iron being deposited in multiple organs of the
body. Most commonly, excess iron in the liver
causes cirrhosis, which may develop into liver can-
cer. Iron deposits in the pancreas can result in
diabetes. Similarly, excess iron stores can cause
cardiomyopathy, pigmentation of the skin, and arthri-
tis.

Many mutations in the body's iron transport sys-
tem can cause hemochromatosis; however, most
cases are caused by mutations in the HFE gene.
This is located on chromosome 6, and one mutation
leads to the substitution of the 282" amino acid.
Cysteine becomes tyrosine, therefore the mutation is
called C282Y. The switch of amino acids is thought
to affect how the HFE protein interacts with the
transferrin receptor (TFR1), which plays an impor-
tant role in iron homeostasis. A less common muta-
tion, H63D, has also been identified in the HFE
gene.

Hemochromatosis is one of the most common
autosomal recessive disorders among Caucasians in
the United States; however, only a small proportion
of these people suffer any symptoms. This may be
attributable to both environmental (diet and blood
loss) and genetic factors. Recent advances in the
development of animal models that show the com-
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plications of hemochromatosis may soon provide
useful tools in deciphering how other genes play a
part in iron regulation.

To see the interactive version of this figure
requires Cn3D [www.nchi.nIm.nih.gov/Structure/
CN3D/cn3d.shtml], a three-dimensional structure
viewer.

The HFE protein iz similar in structure to MHC clazs |,
consiging of two pairs of alpha and beta chains.

Inthe mature HFE protein, the mutation is called C2E0%
Thiz iz becauss the body's processing ofthe protein
removes 22 amino addsto produce the mature protein .

The C260Y mutstion oocurs inthe alpha 3 domain and
distupts the association between the chains.

Mutant HFE is unakle to bind ta the irondoaded transferrin
rececptar. Without this interaction, the receptor brings
mare iron inta the cells.
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Hemochromatosis [www.niddk.nih.gov/health/digest/pubs/hemochrom/hemochromatosis.htm#info/] from the National Institute of
Diabetes and Digestive and Kidney Diseases (NIDDK), National Institute of Health

American Hemochromatosis Society [www.americanhs.org/] information and patient support
Factsheet [www.cdc.gov/nccdphp/dnpa/hemochromatosis/] from the Centers for Disease Control and Prevention
GeneReviews [www.genetests.org/profiles/hemochromatosis] a medical genetics resource


http://www.niddk.nih.gov/health/digest/pubs/hemochrom/hemochromatosis.htm#info/
http://www.americanhs.org/
http://www.cdc.gov/nccdphp/dnpa/hemochromatosis/
http://www.genetests.org/profiles/hemochromatosis
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Lesch-Nyhan syndrome

Nutritional and Metabolic Diseases

Lesch-Nyhan syndrome (LNS) is a rare inherited
disease that disrupts the metabolism of the raw
material of genes.

These raw materials are called purines, and they
are an essential part of DNA and RNA. The body
can either make purines (de novo synthesis) or
recycle them (the resalvage pathway). Many
enzymes are involved in these pathways. When one
of these enzymes is missing, a wide range of prob-
lems can occur.

In LNS, there is a mutation in the HPRT1 gene
located on the X chromosome. The product of the
normal gene is the enzyme hypoxanthine-guanine
phosphoribosyltransferase, which speeds up the
recycling of purines from broken down DNA and
RNA. Many different types of mutations affect this
gene, and the result is a very low level of the
enzyme.

The mutation is inherited in an X-linked fashion.
Females who inherit one copy of the mutation are
not affected because they have two copies of the X
chromosome (XX). Males are severely affected
because they only have one X chromosome (XY),
and therefore their only copy of the HPRT1 gene is
mutated.

Mutations of the HPRT1 gene cause three main
problems. First is the accumulation of uric acid that
normally would have been recycled into purines.
Excess uric acid forms painful deposits in the skin
(gout) and in the kidney and bladder (urate stones).
The second problem is self-mutilation. Affected indi-
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viduals have to be restrained from biting their fingers
and tongues. Finally, there is mental retardation and
severe muscle weakness.

In the year 2000 it was shown that the genetic
deficiency in LNS could be corrected in vitro. A virus
was used to insert a normal copy of the HPRT1
gene into deficient human cells. Such techniques
used in gene therapy may one day provide a cure for
this disease. For now, medications are used to
decrease the levels of uric acid.

The human HPRTY
gene contains 9 exons.

A owide variety of
HFRTT mutations
I can cause LMS, these
include deletions,
insertions, single-base
substitutions, and
frame-shift mutations.

Meon coding
region of exon
Coding region
of exon

. Intron
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Fact sheet [http://www.ninds.nih.gov/health_and_medical/disorders/lesch_doc.htm]from National Institute of Neurological Disorders
and Stroke, NIH

GeneReviews [www.geneclinics.org/profiles/Ins]a medical genetics resource
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Nutritional and Metabolic Diseases

Maple Syrup Urine Disease (MSUD) is an inherited
disorder so named because one of its first signs is
urine that has an odor reminiscent of maple syrup.
The underlying defect disrupts the metabolism of
certain amino acids. These are amino acids that
have a branched side chain. Because they cannot
be fully broken down, they accumulate in the urine,
along with their metabolites (alpha-ketoacids) to give
the distinctive smell. Left untreated, there is progres-
sive neurodegeneration leading to death within the
first months of life.

Three amino acids have branched side chains:
valine, leucine, and isoleucine. They are an essential
element in the diet and are broken down by the body
to yield energy. One step in this breakdown involves
the branched-chain alpha-ketoacid dehydrogenase
(BCKDH) complex, which consists of three catalytic
components and two regulatory enzymes. In total,
six gene loci encode for the BCKDH, and mutations
in different loci are responsible for the genetic variety
seen in MSUD.

The Mennonite community of Lancaster County,
Pennsylvania is particularly afflicted by MSUD, with
over 1 of 176 individuals affected. This is due to a
high carrier rate of a mutation in the Elalpha-subunit
of the BCKDH complex. By contrast, the disease is
rare in the general population.

Important Links

Currently treatment consists of restricting the
dietary intake of branched-chain amino acids to the
absolute minimum that is needed for growth. How-
ever, studies have already shown that it is possible
to transfer subunits of the BCKDH enzyme into cells
using a retrovirus. Similar advances in gene therapy
may provide a future cure.
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MSUD Family Support Group [www.msud-support.org/] patient information and support

12


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=maple+syrup+urine+disease
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=593
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=548403&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=maple+syrup+urine+disease%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=maple+syrup+urine+disease
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=248600
http://www.msud-support.org/

Genes and Disease

Menkes syndrome

Nutritional and Metabolic Diseases

Menkes syndrome is an inborn error of metabolism
that markedly decreases the cells' ability to absorb
copper. The disorder causes severe cerebral
degeneration and arterial changes, resulting in death
in infancy. The disease can often be diagnosed by
looking at a victim's hair, which appears to be both
whitish and kinked when viewed under a micro-
scope.

Menkes' disease is transmitted as an X-linked
recessive trait. Sufferers can not transport copper,
which is needed by enzymes involved in making
bone, nerve and other structures. A number of other
diseases, including type IX Ehlers-Danlos syndrome,
may be the result of allelic mutations (i.e. mutations
in the same gene, but having slightly different symp-
toms) and it is hoped that research into these dis-
eases may prove useful in fighting Menkes' disease.

If administered within the first few months of life,
copper histidinate appears to be effective in increas-
ing the life expectancy of some patients. However,
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this treatment only increases life expectancy from
three to thirteen years of age, so can only be con-
sidered a palliative. A similar condition to Menkes'
disease exists in mice; working with these model
organisms will help give insight into human copper
transport mechanisms, so helping to develop effec-
tive treatments for Menkes' sufferers.

Abnc\rmal F‘urklrge cell dendrlteg in the braln of a
patiert with Menkes disease, [Image credit: Kevin
Raoth and Robert Schrnidk, Washington University,
St Louis, MO, USAL]
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Niemann-Pick disease

Nutritional and Metabolic Diseases

In 1914, German pediatrician Albert Niemann
described a young child with brain and nervous sys-
tem impairment. Later, in the 1920's, Luddwick Pick
studied tissues after the death of such children and
provided evidence of a new disorder, distinct from
those storage disorders previously described.

Today, there are three separate diseases that
carry the name Niemann-Pick: Type A is the acute
infantile form, Type B is a less common, chronic,
non-neurological form, while Type C is a biochemi-
cally and genetically distinct form of the disease.
Recently, the major locus responsible for Niemann—
Pick type C (NP-C) was cloned from chromosome
18, and found to be similar to proteins that play a
role in cholesterol homeostasis.

Usually, cellular cholesterol is imported into
lysosomes—'bags of enzymes' in the cell—for pro-
cessing, after which it is released. Cells taken from
NP-C patients have been shown to be defective in
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releasing cholesterol from lysosomes. This leads to
an excessive build-up of cholesterol inside lyso-
somes, causing processing errors. NPC1 was found
to have known sterol-sensing regions similar to
those in other proteins, which suggests it plays a
role in regulating cholesterol traffic.

Cells stained to show unesterified
cholesteral in MP-C cells (white], The
arrow 5 show cell normalized by trans-
fection with MPC1 DA, [Reproduced
with perrnizsion frorm Carstea et al,
{1997) Science 277, 228-231.]
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Fact sheet [www.ninds.nih.gov/health_and_medical/disorders/niemann.doc.htm] from the National Institute of Neurological

Disorders and Stroke, NIH

National Niemann-Pick Disease Foundation [www.nnpdf.org] an educational, support and fund-raising organization
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Nutritional and Metabolic Diseases

Obesity is an excess of body fat that frequently
results in a significant impairment of health. Doctors
generally agree that men with more than 25% body
fat and women with more than 30% are obese. Obe-
sity is a known risk factor for chronic diseases includ-
ing heart disease, diabetes, high blood pressure,
stroke and some forms of cancer. Evidence sug-
gests that obesity has more than one cause: genetic,
environmental, psychological and other factors may
all play a part.

The hormone leptin, produced by adipocytes (fat
cells), was discovered about three years ago in
mice. Subsequently the human Ob gene was
mapped to chromosome 7. Leptin is thought to act
as a lipostat: as the amount of fat stored in
adipocytes rises, leptin is released into the blood
and signals to the brain that the body has enough to
eat. However, most overweight people have high
levels of leptin in their bloodstream, indicating that
other molecules also effect feelings of satiety and
contribute to the regulation of body weight.

The discovery of leptin has initiated a flurry of
research into the molecular basis of weight control.
A whole network of signals contributes to weight
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homeostasis, and other key players are being dis-
covered on an ongoing basis. Mice have proved to
be an extremely useful model for human obesity,
and have helped to begin to unravel the components
that contribute to maintaining body weight. Since the
market for effective weight-reducing therapies is
enormous, drug companies are working alongside
basic scientists to find possible drug targets among
the tangle of molecules that control body weight.

A rnouse with the Obese
[2B) ragtation and a
norrnal mouse, [Irnage
credit: Jeff Friedman,
Rockfeller University, Mew
work, MY, USA, Reprinted
from Science, with
permission, ]
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Weight-control information network [www.niddk.nih.gov/health/nutrit/win.htm] from the National Institute of Diabetes and Digestive

and Kidney Diseases, NIH

15


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=obesity
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=3952
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4557715&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=obesity+gene%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=obesity
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=164160
http://www.niddk.nih.gov/health/nutrit/win.htm

Genes and Disease Nutritional and Metabolic Diseases

Pancreatic cancer

The pancreas is responsible for producing the hor- Likewise, homozygous Smad4 mutant mouse
mone insulin, along with other substances. It also embryos die before embryonic day 7.5, and have
plays a key role in the digestion of protein. There reduced size because of reduced cell proliferation.
were an estimated 27,000 new cases of pancreatic Research on these model organisms should help
cancer in the US in 1997, with 28,100 deaths from elucidate the role of Smad4 and related proteins in
the disease. humans.

About 90% of human pancreatic carcinomas
show a loss of part of chromosome 18. In 1996, a
possible tumor suppressor gene, DPC4 (Smad4),
was discovered from the section that is lost in pan-
creatic cancer, so may play a role in pancreatic
cancer. There is a whole family of Smad proteins in
vertebrates, all involved in signal transduction of
transforming growth factor B (TGFp) related path-

ways. Other tumor suppressor genes include p53

and Rb, which, if mutated or absent from the Loss of DPC4 (Srnad4) gene
. . causes pancreatic cancers to
genome can contribute to cancerous growth Ina grow aggressively, as seen
. . by turmor cells invading a
variety of tissues. nerve bundle. [Image credit:
DPC4 (Smad4) homologs exist in the worm By Hbib e ohns H opiifis

University, Baltirnore, MD,

(Caenorhabditis elegans), mouse and the fly USA, Reprinted from SCIEMCE,
. . ] with perrmizsion ]
(Drosophila). In Drosophila, when the gene is not

present, there a number of developmental defects.
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CancerNet [cancernet.nci.nih.gov/] from the National Cancer Institute, NIH
Oncolink [oncolink.upenn.edu/] comprehensive cancer information from the University of Pennsylvania
American Cancer Society [www.cancer.org] research and patient support

MEDLINEplus [www.nIm.nih.gov/medlineplus/pancreaticcancer.html] links on pancreatic cancer compiled by the National Library of
Medicine
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Nutritional and Metabolic Diseases

Phenylketonuria (PKU) is an inherited error of
metabolism caused by a deficiency in the enzyme
phenylalanine hydroxylase. Loss of this enzyme
results in mental retardation, organ damage, unusual
posture and can, in cases of maternal PKU, severely
compromise pregnancy.

Classical PKU is an autosomal recessive disor-
der, caused by mutations in both alleles of the gene
for phenylalanine hydroxylase (PAH), found on
chromosome 12. In the body, phenylalanine hydroxy-
lase converts the amino acid phenylalanine to tyro-
sine, another amino acid. Mutations in both copies of
the gene for PAH means that the enzyme is inactive
or is less efficient, and the concentration of pheny-
lalanine in the body can build up to toxic levels. In
some cases, mutations in PAH will result in a pheno-
typically mild form of PKU called hyperphenylalane-
mia. Both diseases are the result of a variety of
mutations in the PAH locus; in those cases where a
patient is heterozygous for two mutations of PAH (ie
each copy of the gene has a different mutation), the
milder mutation will predominate.

Important Links

A form of PKU has been discovered in mice, and
these model organisms are helping us to better
understand the disease, and find treatments against
it. With careful dietary supervision, children born with
PKU can lead normal lives, and mothers who have
the disease can produce healthy children.
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National PKU News [www.pkunews.org] news and information about PKU

GeneClinics [www.geneclinics.org/profiles/pku/] a medical genetics resource
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Prader-Willi syndrome

Prader-Willi syndrome (PWS) is an uncommon inher-
ited disorder characterized by mental retardation,
decreased muscle tone, short stature, emotional
lability and an insatiable appetite which can lead to
life-threatening obesity. The syndrome was first
described in 1956 by Drs. Prader, Labhart, and Willi.

PWS is caused by the absence of segment 11-
13 on the long arm of the paternally derived chromo-
some 15. In 70-80% of PWS cases, the region is
missing due to a deletion. Certain genes in this
region are normally suppressed on the maternal
chromosome, so, for normal development to occur,
they must be expressed on the paternal chromo-
some. When these paternally derived genes are
absent or disrupted, the PWS phenotype results.
When this same segment is missing from the mater-
nally derived chromosome 15, a completely different
disease, Angelman syndrome, arises. This pattern of
inheritance — when expression of a gene depends
on whether it is inherited from the mother or the
father — is called genomic imprinting. The mecha-
nism of imprinting is uncertain, but, it may involve
DNA methylation.

Genes found in the PWS chromosomal region
code for the small ribonucleoprotein N (SNRPN).
SNRPN is involved in mRNA processing, an inter-
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mediate step between DNA transcripton and protein
formation. A mouse model of PWS has been devel-
oped with a large deletion which includes the
SNRPN region and the PWS 'imprinting centre' (IC)
and shows a phenotype similar to infants with PWS.
These and other molecular biology techniques may
lead to a better understanding of PWS and the
mechanisms of genomic imprinting.

In the Prader-Willi syndrome {PWS) call
abova, the maternally darived chromo-
some 15 (red arrow) shows bwo signals:
ane fram a control area (which 5 also
saan in the patemally derved chroma-
same [yellow arrow]) and anather, which
is from the PWS region. This signal is
missing from the paternal chromosomea
because the regian is deletad in this
PWS patient. [Reproducad with parmis-
sion from Martin et al. (1998) Am J Psy-
chiatry Sep;155({9):1265-73.]
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Prader-Willi Syndrome Association (USA) [www.pwsausa.org/] information, education, and support services

GeneClinics [www.geneclinics.org/profiles/pws/] a medical genetics resource
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There are eight steps in
rmaking heme from dly cine and
succinyl CoA. Each stepis
helped by an enzyme. A
problem in this pathweay
causes porphyria.

Click an the image for further
infarmation.

Porphyria is a diverse group of diseases in
which production of heme is disrupted. Porphyria is
derived from the Greek word "porphyra”, which
means purple. When heme production is faulty, por-
phyrins are overproduced and lend a reddish-purple
color to urine.

Heme is composed of porphyrin, a large circular
molecule made from four rings linked together with
an iron atom at its center. Heme is the oxygen-
binding part of hemoglobin, giving red blood cells
their color. It is also a component of several vital
enzymes in the liver including the group known as

Important Links

cytochrome P450. This enzyme family is important in
converting potentially harmful substances such as
drugs to inactive products destined for excretion.

Heme synthesis takes place in several steps,
each of which requires a specific enzyme of which
there are 8 in total. The genes that encode these
enzymes are located on different chromosomes, and
mutations of these genes can be inherited in either
an autosomal dominant or autosomal recessive fash-
ion, depending on the gene concerned. Affected
individuals are unable to complete heme synthesis,
and intermediate products, porphyrin or its precur-
sors, accumulate.

Environmental triggers are important in many
attacks of porphyria. Example triggers include cer-
tain medications, fasting, or hormonal changes.
Genetic carriers who avoid a triggering exposure
may never experience symptoms.

The cutaneous porphyrias cause sun sensitivity,
with blistering typically on the face, back of the
hands, and other sun-exposed areas. The most
common of these is porphyria cutanea tarda (PCT).
Triggering factors are alcohol use, estrogen, iron,
and liver disease, particularly hepatitis C.

The acute porphyrias typically cause abdominal
pain and nausea. Some patients have personality
changes and seizures at the outset. With time the
illness can involve weakness in many different mus-
cles.

The cutaneous and acute forms are treated dif-
ferently. Cure of these genetic diseases awaits the
results of ongoing research on the safest and most
effective means of gene transfer or correction.
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Fact sheet [http://digestive.niddk.nih.gov/ddiseases/pubs/porphyria/lfrom National Institute of Diabetes and Digestive and Kidney

Diseases (NIDDK), NIH

nes and disorders

MedlinePlus [http://www.nIm.nih.gov/medlineplus/ency/article/001208.htm]a medical encyclopedia from the National Library of

Medicine, NIH
Step in Pathway Enzyme Disease caused by enzyme deficiency

1 ALA synthase
2 ALA detwdratase ALAD porphyria
3 HmMB synthase Acute intermittant porphyria
4 Lroporphyrinogen synthase (UROE) Congenital ervthropoietic porphyria
i) Liroporphyrinoden decarhoxylase (LR D) Faorphyria cutanea tarda
B Coproparphyrinogen oxidase Hereditary copropophiria
T FProtoporptwrinogen oxidase Yariegate pophyria
g Ferrachelstase Ervthropaietic protoparphyria

20


http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=porphyria%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=porphyria
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=porphyria
http://digestive.niddk.nih.gov/ddiseases/pubs/porphyria/
http://www.nlm.nih.gov/medlineplus/ency/article/001208.htm

Genes and Disease

Refsum disease

Nutritional and Metabolic Diseases

Refsum disease is a rare disorder of lipid
metabolism that is inherited as a recessive trait.
Symptoms may include a degenerative nerve dis-
ease (peripheral neuropathy), failure of muscle
coordination (ataxia), retinitis pigmentosa (a pro-
gressive vision disorder), and bone and skin
changes. Refsum disease is characterized by an
accumulation of phytanic acid in the plasma and
tissues. is a derivative of phytol, a component of
chlorophyll.

In 1997 the gene for Refsum disease was identi-
fied and mapped to chromosome 10. The protein
product of the gene, PAHX, is an enzyme that is
required for the metabolism of phytanic acid. Refsum
disease patients have impaired PAHX - phytanic

Important Links

acid hydrolase. It is thought that Refsum disease is a
peroxisomal disorder, since human PAHX contains
PTS2 localization sequences, which target it to the
peroxisome.

Our bodies can not synthesize phytanic acid: we
have to obtain all of it from our food. Therefore, pro-
longed treatment with a diet deficient in phytanic
acid can be beneficial.

Sl ;| breakdown phytel ingested as a part’: ;
i 5 of their diet., B
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Tangier disease (TD) is a genetic disorder of choles-
terol transport named for the secluded island of
Tangier, located off the coast of Virginia. TD was
first identified in a five-year-old inhabitant of the
island who had characteristic orange tonsils, very
low levels of high density lipoprotein (HDL) or 'good
cholesterol', and an enlarged liver and spleen.

TD is caused by mutations in the ABC1 (ATP-
binding cassette) gene on chromosome 9q31. ABC1
codes for a protein that helps rid cells of excess
cholesterol. This cholesterol is then picked up by
HDL particles in the blood and carried to the liver,
which processes the cholesterol to be reused in cells
throughout the body. Individuals with TD are unable
to eliminate cholesterol from cells, leading to its
buildup in the tonsils and other organs.

The discovery of this important cholesterol
transport gene may lead to a better understanding of
the inverse relationship between HDL levels and
coronary artery disease, an important killer in the
US. New drugs that regulate HDL levels may be
developed and such drugs would not only help indi-
viduals with TD, but also people with more common

Important Links

disorders such as familial HDL deficiency. This is a
good illustration of how research into rare diseases
can sometimes help more common disorders.

() Apo-Adl

: lipopr otein LDL VLDL

res

cholesteral ABRCL aEE HoL rore lipids
o .

uptake

irtracellular extracellular

(A} In normal cellz ABC1 helpz cholegerol exit the cell
where it combines with lipid poor &00-241 lipoprotein to
form high density lipopratein (HDL). HDL picks up more
lipicl = fraom lowe density (LD and wery love density (WLDL)
lipoproteinz and tranzfers the cholesteral to the liver, where
it iz processed.

(B) Apo-Al

¢ lipopr otein LDL VLDL
chnlestreergl ARCL .; -~ rnore lipids
earance
Py from liver
plasma uptake

irtracellular extracellular

(B} In Tangier dizease, mutations in ABC causs
cholesterol to accumulate within the cell.

[Adapted from Young and Fielding (19991 Mat Genet.
A 220413168 | with permission]
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American Heart Association [amhrt.org] fighting heart disease and stroke

National Heart, Lung and Blood Institute, NIH [www.nhlbi.nih.gov/health/public/heart/] cardiovascular information
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Tay-Sachs disease, a heritable metabolic disorder
commonly associated with Ashkenazi Jews, has also
been found in the French Canadians of Southeast-
ern Quebec, the Cajuns of Southwest Louisiana, and
other populations throughout the world. The severity
of expression and the age at onset of Tay-Sachs
varies from infantile and juvenile forms that exhibit
paralysis, dementia, blindness and early death to a
chronic adult form that exhibits neuron dysfunction
and psychosis.

Tay-Sachs is an autosomal recessive disease
caused by mutations in both alleles of a gene
(HEXA) on chromosome 15. HEXA codes for the
alpha subunit of the enzyme B-hexosaminidase A.
This enzyme is found in lysosomes, organelles that
break down large molecules for recycling by the cell.
Normally, B-hexosaminidase A helps to degrade a
lipid called GM2 ganglioside, but in Tay-Sachs indi-
viduals, the enzyme is absent or present only in very
reduced amounts, allowing excessive accumulation
of the GM2 ganglioside in neurons. The progressive
neurodegeneration seen in the varied forms of Tay-
Sachs depends upon the speed and degree of GM2
ganglioside accumulation, which in turn is dependent
upon the level of functional B-hexosaminidase A
present in the body.

A mouse model has been developed for Tay-
Sachs, although its usefulness is limited since Tay-
Sachs mice possess a minor alternative pathway for
breaking down GM2 ganglioside. Treatment of the
late onset form of Tay-Sachs with a ganglioside syn-
thesis inhibitor shows promise. The effectiveness
this and other treatments on individuals with the

Important Links

infantile (the most common) form of the disease is
extremely limited since the extent of neurological
damage prior to birth is unknown. The difficulty in
reversing such damage will make it hard to develop
an effective treatment for the infantile form of the
disease. It is hoped, however, that the latter onset
forms of Tay-Sachs may prove responsive to treat-
ment, and such treatment combined with the DNA
and enzymatic screening programs currently in use
will lead to the eventual control of this disease.
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Model for Gyga ganglioside metabolism.
Under normal conditions, f-hexosaminidase
works in the lysosome of nerve cells to
breakdown unwanled gangboside Gz, a
component of the nerve cell membrane, This
requires three components: an c-subunit, a
fsubunit and an actvator subunit. In Tay
Sachs disease, the alpha subunit of
hexosamnidase malfunctions, leading to a
toxic build-up of the Gy ganglioside in the
lysosyme. [Adapted from: Chavany, C. and
Jendoubi, M. (1998) Mol Med, Today, 4; 158-
165, with permession.)
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Fact Sheet [www.ninds.nih.gov/health_and_medical/disorders/taysachs_doc.htm] from National Institute of Neurological Disorders
and Stroke

NTSAD [www.ntsad.org/] National Tay-Sachs and Allied Diseases Association
GeneClinics [www.geneclinics.org/profiles/tay-sachs/] a medical genetics resource
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Wilson's Disease is a rare autosomal recessive dis-
order of copper transport, resulting in copper accu-
mulation and toxicity to the liver and brain. Liver
disease is the most common symptom in children;
neurological disease is most common in young
adults. The cornea of the eye can also be affected:
the 'Kayser-Fleischer ring' is a deep copper-colored
ring at the periphery of the cornea, and is thought to
represent copper deposits.

The gene for Wilson's disease (ATP7B) was
mapped to chromosome 13. The sequence of the

gene was found to be similar to sections of the gene

defective in Menkes disease, another disease
caused by defects in copper transport. The similar
sequences code for copper-binding regions, which
are part of a transmembrane pump called a P-type
ATPase that is very similar to the Menkes disease
protein.

A homolog to the human ATP7B gene has been

mapped to mouse chromosome 8, and an authentic

Important Links

model of the human disease in rat is also available
(called the Long-Evans Cinnamon [LEC][ rat). These
systems will be useful for studying copper transport
and liver pathophysiology, and should help in the
development of a therapy for Wilson disease.

In Wilzon's disease, toxic
levels of copper accurnul ate
and darnage rnany tizsues
and organs, including the
bazal ganglia of the brain.
[Irmage credit: Kevin Roth
and Robert Schrnidt,
Washington University,

St Louis, MO, USA, ]
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Fact sheet [www.ninds.nih.gov/health_and_medical/disorders/wilsons_doc.htm] from the National Institute of Neurological Disorders
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GeneClinics [www.geneclinics.org/profiles/wilson/] a medical genetics resource
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Zellweger syndrome is a rare hereditary disorder
affecting infants, and usually results in death.
Unusual problems in prenatal development, an
enlarged liver, high levels of iron and copper in the
blood, and vision disturbances are among the major
manifestations of Zellweger syndrome.

The PXR1 gene has been mapped to chromo-
some 12; mutations in this gene cause Zellweger
syndrome. The PXR1 gene product is a receptor
found on the surface of peroxisomes - microbodies
found in animal cells, especially liver, kidney and
brain cells. The function of peroxisomes is not fully
understood, although the enzymes they contain
carry out a number of metabolically important reac-
tions. The PXR1 receptor is vital for the import of
these enzymes into the peroxisomes: without it func-
tioning properly, the peroxisomes can not use the
enzymes to carry out their important functions, such
as cellular lipid metabolism and metabolic oxida-
tions.

There is a yeast homolog to human PXR1,
which should allow powerful molecular genetic tech-

Important Links

nigues to be used in the investigation of the normal
role of peroxisomes in cells, as well as the molecular
events that occur in disease states.

Peroxisornes are not detected
in Zellweager syndrome
fibroblasts (a), but can be
reconstituted by transfection
with PXR1 gene [b). [Irmage
credit: Mancy Braverran,
Gabrielle Dodt, Hugao Maser,
Stephen Gould and David WValle,
Johns Hopkins UMiversity,
Baltimare, MO, USA,
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Lasaer confocal images of subplevral alveall of a normal (left) and an
edemataus, or flooded {right) rat lung. The edema fluld appears white,
the alweolar walls gray and alrpockets are black. (Gajlc and Lae,
unpublished]. éReprl:--:luced from the web site of Rolf O Hubmayr, M.,

Mayo Clinic and Foundation, Rochester, MM, with permission.})

The respiratory system plays a vital role in delivering oxygen to the body — fuel for all the body's
functions. It also removes carbon dioxide waste, eliminates toxic waste, regulates temperature, and
stabilizes blood acid-alkaline balance (pH).

The lungs are the largest part of the respiratory system and have both "respiratory” and "non-
respiratory” functions. The respiratory function involves gas exchange — the transfer of oxygen
from the air into the blood and the removal of carbon dioxide from the blood. Non-respiratory lung
functions are mechanical, biochemical, and physiological. The lungs provide a defense against
bacterial, viral and other infectious agents; remove various metabolic waste products; control the
flow of water, ions, and large proteins across its cellular structures; and manufacture a variety of
essential hormones and chemical agents that have important biological roles.

Respiratory diseases can arise from a number of causes, including inhalation of toxic agents,
accidents, and harmful lifestyles, such as smoking. Infections, genetic factors, and anything else
that affects lung development, either directly or indirectly, can cause respiratory symptoms.
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Alpha-1-antitrypsin deficiency

Respiratory Diseases

Alpha-1-antitrypsin (AAT) is a protein that protects
the body from damage by its immune cells. Defi-
ciency of this protein leaves the lung, and occasion-
ally the liver, vulnerable to injury.

The lung is made of thin outpouchings called
alveoli. These contain air, and oxygen travels across
their walls into the bloodstream.

White blood cells release elastase, a powerful
enzyme that can fight infections. But it can also
attack normal tissues. If uncontrolled elastase is
released around alveoli, it would destroy their walls
and surrounding tissue, leaving areas of trapped air.
This abnormal accumulation of air in the lungs is
called emphysema and causes shortness of breath.

AAT inhibits elastase around normal tissue.
Deficiency is caused by mutations in the SERPINAL
gene, located on chromosome 14. This gene has
many different versions (alleles) that produce differ-
ent amounts of AAT. The M allele produces normal
levels of the AAT protein, the S allele produces
moderately low levels, and the Z allele produces
very low levels.

The alleles are expressed in a codominant man-
ner — that means that a person with MZ has levels
of AAT that are between the levels of those people
who have alleles MM or ZZ.

Individuals who have at least one normal allele
(MZ or MS) or two copies of S (SS) usually produce
enough AAT to protect the lungs but do have an
increased risk of lung disease. The risk is particularly
high if they smoke. Individuals who inherit the Z
allele from each parent (ZZ) have very low AAT and
are at a higher risk of developing emphysema and
liver disease.

There are over 70 known mutations that occur at
the SERPINAL gene. A common mutation that cre-
ates the Z allele involves a switch in amino acids —
glutamic acid is replaced by lysine at position 342
(Glu342Lys). The resulting AAT protein cannot fold
properly. This hinders its secretion from the liver

(which makes AAT) into the bloodstream (which
transports AAT to the lungs). The accumulation of
AAT complexes can damage the liver, whereas the
lack of AAT fails to stop the destruction of lung tis-
sue.

Treatment of AAT deficiency includes the stan-
dard treatment of emphysema (bronchodilators,
early use of antibiotics in infections) as well as the
more experimental therapies of correcting AAT lev-
els by replacing the protein. Gene therapy to replace
the defective SERPINAL gene with a functional copy
is currently being investigated.

However, the most important part of treatment of
AAT deficiency is to avoid smoking. Affected individ-
uals are far less likely to develop emphysema if they
do not smoke. Not only is smoking a lung irritant,
which attracts white blood cells (and therefore neu-
trophil elastase) to the lungs, it also prevents any
AAT that is present in the lungs from working prop-

erly.
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In AAT deficiency, the walls of lung
tizzue (alveol) are broken dowwn. The
result is @ trapping of air knovwn as
emphysems. The damaged lung tizsue
can no longer transfer oxygen to the
hloodstream.
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=107400
http://www.nhlbi.nih.gov/health/public/lung/other/antitryp.htm
http://www.nlm.nih.gov/medlineplus/ency/article/000120.htm
http://www.alpha1.org/
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Asthma affects more than 5% of the population of
the US, including children. It is a chronic inflamma-
tory disorder of the airways characterized by cough-
ing, shortness of breath, and chest tightness. A
variety of "triggers" may initiate or worsen an asthma
attack, including viral respiratory infections, exercise,
and exposure to irritants such as tobacco smoke.
The physiological symptoms of asthma are a narrow-
ing of the airways caused by edema (fluid in the
intracellular tissue space) and the influx of inflamma-
tory cells into the walls of the airways.

Asthma is a what is known as a "complex" heri-
table disease. This means that there are a number
of genes that contribute toward a person's suscepti-
bility to a disease, and in the case of asthma, chro-
mosomes 5, 6, 11, 14, and 12 have all been
implicated. The relative roles of these genes in
asthma predisposition are not clear, but one of the
most promising sites for investigation is on chromo-
some 5. Although a gene for asthma from this site
has not yet been specifically identified, it is known
that this region is rich in genes coding for key
molecules in the inflammatory response seen in
asthma, including cytokines, growth factors, and
growth factor receptors.

The search for specific asthma genes is ongo-
ing. Assisting in this international human effort are
model organisms such as mice, which have similar

Important Links

chromosomal architecture to our chromosome 5 site
on their chromosomes 11, 13, and 18. Further study
of the genes in these areas (and others) of the
human genome will implicate specific genes involved
in asthma and perhaps also suggest related biologi-
cal pathways that play a role in the pathogenesis of
asthma.

Tryptaze iz an enzyrme found
specifically in rmast cells, atype
of white blood cells immportart
for fighting infection, It may
have a role in casuing asthrna
and cther irflarnrnatory
dizorders, [Reproduced from
Pareira, PJ.B. et al. [1992)
Mature 392, 230-311, with
perriissian, |
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Global initiative for asthma [www.ginasthma.com:80/] a project conducted in collaboration with the National Heart, Blood and Lung

Institute, NIH, and the World Health Organization

National Heart, Blood and Lung Institute [www.nhlbi.nih.gov/health/public/lung/index.htm#asthma] information on asthma

MEDLINEplus [www.nlm.nih.gov/medlineplus/asthma.html] links on asthma compiled by the National Library of Medicine


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=asthma
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=gene&details_term=%28%28asthma%5BDisease%20or%20phenotype%5D%20AND%20alive%5Bprop%5D%29%20AND%20%22Homo%20sapiens%22%5BOrganism%5D%29
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4501969&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=asthma%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=asthma
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=600807
http://www.ginasthma.com:80/
http://www.nhlbi.nih.gov/health/public/lung/index.htm#asthma
http://www.nlm.nih.gov/medlineplus/asthma.html
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Cystic fibrosis (CF) is the most common fatal genetic
disease in the United States today. It causes the
body to produce a thick, sticky mucus that clogs the
lungs, leading to infection, and blocks the pancreas,
stopping digestive enzymes from reaching the
intestines where they are required to digest food.

CF is caused hy a defective gene, which codes
for a chloride transporter found on the surface of the
epithelial cells that line the lungs and other organs.
Several hundred mutations have been found in this
gene, all of which result in defective transport of
chloride, and secondarily sodium, by epithelial cells.
As a result, the amount of sodium chloride (salt) is
increased in bodily secretions. The severity of the
disease symptoms of CF is directly related to the
characteristic effects of the particular mutation(s)
that have been inherited by the sufferer.

CF research has accelerated sharply since the
discovery of CFTR in 1989. In 1990, scientists suc-
cessfully cloned the normal gene and added it to CF
cells in the laboratory, which corrected the defective
chloride transport mechanism. This technigue—gene

Important Links

therapy—was then tried on a limited number of CF
patients. However, this treatment may not be as
successful as originally hoped. Further research will
be required before gene therapy, and other experi-
mental treatments, prove useful in combating CF.

Building mouse models of
human dizease. Expression
of 3 human cystic fibrosis
[CFTR) gene inthe gut of 3
mouse. A human antisense
probewas used toshonw
human CFTR expressedin
the mouse duodenum.
[Reproduced with permission
from bdanson, AL et al
(1997 EMBO J. 15, 42535-4248 ]
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Fact sheet [www.nhlbi.nih.gov/health/public/lung/other/cystfib.htm] from the National Heart, Lung and Blood Institute, NIH

The Cystic Fibrosis Foundation [www.cff.org/] information and links


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=cystic%20fibrosis
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=1080
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=6995996&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=cystic%20fibrosis%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=cystic%20fibrosis
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=cystic%20fibrosis
http://www.nhlbi.nih.gov/health/public/lung/other/cystfib.htm
http://www.cff.org/
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Respiratory Diseases

In the US, lung cancer is the most common cause of
cancer deaths among both men and women. In fact,
North Americans have the highest rates of lung can-
cer in the world. In 1997, some 178,100 new cases
were diagnosed, and roughly 160,400 deaths
occurred from the disease. Sadly, the 5-year survival
rate for persons with lung cancer is only 14%. Since
the 1940s, the increase in lung cancer mortality by
gender has followed historic patterns of smoking,
with a 20-year time lag. About 90% of male lung
cancer deaths and 80% of female lung cancer
deaths are attributable to cigarette smoking.
Although smoking is by far the major risk factor for
lung cancer, certain industrial substances, such as
asbestos, and environmental factors can contribute.

Small cell lung carcinoma is distinctive from
other kinds of lung cancer (metastases are already
present at the time of discovery) and accounts for
approximately 110,000 cancer diagnoses annually.
A deletion of part of chromosome 3 was first
observed in 1982 in small cell lung carcinoma cell
lines.

Important Links

As with other cancers, mutations in a variety of
molecules (oncogenes and tumor-suppressor genes)
that control cell growth and division are observed,
and no one mutation is likely to result in cancerous
growth. Basic research into the function of these
molecules—how and when they play their role—
should help the fight against lung, and other, can-
cers and give clues to find appropriate therapies.

CT scan showing lung cancer.
[Irnage credit: Pat Connelly,
Miarni Yalley Hospital, Dayton,
OH, USA. ]
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CancerNet [cancernet.nci.nih.gov/] from the National Cancer Institute, NIH

American Cancer Society [www.cancer.org] research and patient support

Oncolink [oncolink.upenn.edu/] comprehensive cancer information from the University of Pennsylvania


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=lung+cancer
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=7864
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4826696&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=lung+cancer%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=lung+cancer
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=lung+cancer
http://www.cancer.org
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Skin and Connective Tissue

The dermis, shown abave, Is a layer af cells
= mostly fibroblasts - that lies below the
apldermis. Together these two layers make
u||1:| the skin. The dermis Is responsible for
thermoregulation and the supply of
nutrients ta the epidermis. The fibroblasts
secrete substances such as collagen and
elastin, which supports and confars

glasticity to the skin. The dermis Is the
tough comneckive tissue from which leather
is made. (Reproduced from the website of
David Hawkins, Ph.D, Exercise Biology
Program, UC Davis, with permissian.)

The skin is the largest organ in the body — both in weight and in surface area — and separates the
body's internal environment from the external environment. The skin has many diverse roles. It acts
as a channel of communication with the outside world; protects the body from water loss; uses
specialized pigment cells, called melanocytes, to protect the body from ultraviolet radiation;
participates in calcium homeostasis by contributing to the body's supply of vitamin D; and helps
regulate body temperature and metabolism.

Elastic tissues such as the skin require a strong and resilient structural framework. This
framework is called the extracellular matrix, or connective tissue. The orientation of the connective
tissues — adipose (fat cells), cartilage, bone, tendons, and ligaments — found beneath the skin are
also key for tissue appearance and function. All connective tissue is composed of three major
classes of biomolecules: structural proteins (collagen and elastin), specialized proteins (fibrillin,
fibronectin, and laminin), and proteoglycans.

Some skin and connective tissue diseases, such as those discussed in this section of genes
and disease, are due strictly to genetic inheritance, while others do not have specific gene
abnormalities as their sole cause. Many features of skin and connective tissue disorders overlap
with each other, and with other disorders, even though they have unique genetic causes.
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Male pattern baldness

5-alpha reductase is an enzyme that was first dis-
covered in the male prostate. Here it catalyzes the
conversion of testosterone to dihydrotestosterone,
which in turn binds to the androgen receptor and
initiates development of the external genitalia and
prostate. The gene for 5-alpha reductase has been
mapped to chromosome 5.

More recently, 5-alpha reductase was found in
human scalp and elsewhere in the skin, where it
carries out the same reaction as in the prostate. It is
thought that disturbances in 5-alpha reductase activ-
ity in skin cells might contribute to male pattern
baldness, acne, or hirsutism. The discovery of a
plant homolog of human 5-alpha reductase may lead

from THE PLANT

to new drugs, and the race is now on to find EELLS et ety

inhibitors of 5-alpha reductase.

Important Links
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http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=SRD5A1
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=6715
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4507201&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=5-alpha+reductase%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=5-alpha+reductase
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=184753

Genes and Disease

Diastrophic dysplasia

Skin and Connective Tissue

Diastrophic dysplasia (DTD) is a rare growth disor-
der in which patients are usually short, have club
feet, and have malformed handsmand joints.
Although found in all populations, it is particularly
prevalent in Finland.

The gene whose mutation results in DTD maps
to chromosome 5 and encodes a novel sulfate
transporter. This ties in with the observation of
unusual concentrations of sulfate in various tissues
of DTD patients. Sulfate is important for skeletal
joints because cartilage—the shock-absorber of
joints—requires sulfur during its manufacture.
Adding sulfur increases the negative charge within
cartilage, which contributes to its shock-absorbing
properties.

A great deal of further research must be done

before this condition is fully understood and effective

therapies are developed.
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F.adiograph of the hand

of a patient with
diastraphic dysplasia
[Irnage credit: Eric Lander
Whitehead Institute, MIT,
Lsa, ]
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http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=DTD
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=1836
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4557539&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=diastrophic%20dysplasia%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=diastrophic%20dysplasia
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=222600
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Ellis-van Creveld syndrome

Ellis-van Creveld syndrome, also known as "chon- generation to generation. A pattern of inheritance
droectodermal dysplasia," is a rare genetic disorder can be observed that has indicated the disease is
characterized by short-limb dwarfism, polydactyly autosomal-recessive (i.e. a mutated gene form both
(additional fingers or toes), malformation of the parents is required before the effects of the disease
bones of the wrist, dystrophy of the fingernails, par- to become apparent).

tial hare-lip, cardiac malformation, and often prenatal
eruption of the teeth.

The gene causing Ellis-van Creveld syndrome,
EVC, has been mapped to the short arm of chromo-
some 4. As yet, the function of a healthy EVC gene
is not known; this is one of the most important ques-
tions that must be answered about the disease,

since it would give an indication as to the molecular

mechanism of the disease. Ellis-van Creveld syndrome.
The search for a malecular

Ellis-van Creveld syndrome is often seen among basis for the disease is

i . on-going, Image credit:

the Old Order Amish community in Lancaster Clernert D, Erhardt, I,

. . B altirnore, MO, USA,
County, Pennsylvania. Because this group of people SRRENR

is small and isolated, it affords a rare opportunity to
observe the passage of this particular disorder from
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http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=EVC
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=2121
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=7657073&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=EVC%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=EVC
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=225500

Marfan syndrome

Marfan syndrome is a connective tissue disorder, so To see the interactive version of this figure
affects many structures, including the skeleton, requires Cn3D [www.ncbi.nlm.nih.gov/Structure/
lungs, eyes, heart and blood vessels. The disease is CN3D/cn3d.shtml], a three-dimensional structure
characterized by unusually long limbs, and is viewer.

believed to have affected Abraham Lincoln.

Marfan syndrome is an autosomal dominant
disorder that has been linked to the FBN1 gene on
chromosome 15. FBN1 encodes a protein called
fibrillin, which is essential for the formation of elastic
fibres found in connective tissue. Without the struc-
tural support provided by fibrillin, many tissues are
weakened, which can have severe consequences,
for example, ruptures in the walls of major arteries.

Beta blockers have been used to control some ;:‘ :tri"in—F chein, mutated
of the cardiovascular symptoms of Marfan syn-
drome; however, they are not effective against the

skeletal and ocular problems, which can also be
serious. A related disease has been found in mice,
and it is hoped that the study of mouse fibrillin syn-

thesis and secretion, and connective tissue forma-
tion, will further our understanding Marfan syndrome
in humans.
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National Marfan Foundation [www.marfan.org/] nonprofit organization


http://www.ncbi.nlm.nih.gov/Structure/CN3D/cn3d.shtml
http://www.ncbi.nlm.nih.gov/books/bookres.fcgi/diabetes/fib.prt
http://www.ncbi.nlm.nih.gov/books/bookres.fcgi/diabetes/fib.prt
http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=marfan
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=2200
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4557591&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=marfan%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=marfan
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=154700
http://www.marfan.org/
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In 1997, it was expected that about 40,300 Ameri-
cans would be diagnosed with malignant melanoma,
the most aggressive kind of skin cancer. Melanomas
are more common in people with lightly pigmented
skin, and people who have had melanoma once
have a high risk of developing new melanomas.

In some cases, the risk of developing melanoma
runs in families, where a mutation in the CDKN2
gene on chromosome 9 can underlie susceptibility to
melanoma. CDKN2 codes for a protein called p16
that is an important regulator of the cell division
cycle; it stops the cell from synthesizing DNA before
it divides. If p16 is not working properly, the skin cell
does not have this brake on the cell division cycle
and so can go on to proliferate unchecked. At some
point this proliferation can be seen as a sudden
change in skin growth or the appearance of a mole.

The most powerful weapons against melanoma
are therefore 1) prevention, by using protective cloth-
ing and sun screen and 2) early detection, by recog-

Important Links

nizing changes in skin growths or the appearance of
new growths. Insight may also be drawn for other
cancer types by studying the molecular biology of
pl6, since the malfunction of other components of
the p16 pathway have also been implicated in other

cancers.

Malignart rmelanorna is
aszociated with mutation of

a tumor suppressor gene
involved in cell cycle contral,
[Irnage credit: Mational
Cancer Institute, MIH,
Bethesda, MD, USA ]
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CancerNet [cancernet.nci.nih.gov/] from the National Cancer Institute, NIH

American Cancer Society [www.cancer.org] research and patient support

MEDLINE plus [www.nlm.nih.gov/medlineplus/melanoma.html] links on melanoma compiled by the National Library of Medicine


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=melanoma
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=1029
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4502749&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=malignant%20melanoma%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=melanoma
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=malignant%20melanoma
http://www.cancer.org
http://www.nlm.nih.gov/medlineplus/melanoma.html
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Menkes syndrome is an inborn error of metabolism
that markedly decreases the cells' ability to absorb
copper. The disorder causes severe cerebral
degeneration and arterial changes, resulting in death
in infancy. The disease can often be diagnosed by
looking at a victim's hair, which appears to be both
whitish and kinked when viewed under a micro-
scope.

Menkes' disease is transmitted as an X-linked
recessive trait. Sufferers can not transport copper,
which is needed by enzymes involved in making
bone, nerve and other structures. A number of other
diseases, including type IX Ehlers-Danlos syndrome,
may be the result of allelic mutations (i.e. mutations
in the same gene, but having slightly different symp-
toms) and it is hoped that research into these dis-
eases may prove useful in fighting Menkes' disease.

If administered within the first few months of life,
copper histidinate appears to be effective in increas-
ing the life expectancy of some patients. However,
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this treatment only increases life expectancy from
three to thirteen years of age, so can only be con-
sidered a palliative. A similar condition to Menkes'
disease exists in mice; working with these model
organisms will help give insight into human copper
transport mechanisms, so helping to develop effec-
tive treatments for Menkes' sufferers.

Abnc\rmal F‘urklrge cell dendrlteg in the braln of a
patiert with Menkes disease, [Image credit: Kevin
Raoth and Robert Schrnidk, Washington University,
St Louis, MO, USAL]
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http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=menkes
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=538
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=4502321&org=1
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=menkes%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=menkes
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=309400
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succinyl CoA. Each stepis
helped by an enzyme. A
problem in this pathweay
causes porphyria.

Click an the image for further
infarmation.

Porphyria is a diverse group of diseases in
which production of heme is disrupted. Porphyria is
derived from the Greek word "porphyra”, which
means purple. When heme production is faulty, por-
phyrins are overproduced and lend a reddish-purple
color to urine.

Heme is composed of porphyrin, a large circular
molecule made from four rings linked together with
an iron atom at its center. Heme is the oxygen-
binding part of hemoglobin, giving red blood cells
their color. It is also a component of several vital
enzymes in the liver including the group known as
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cytochrome P450. This enzyme family is important in
converting potentially harmful substances such as
drugs to inactive products destined for excretion.

Heme synthesis takes place in several steps,
each of which requires a specific enzyme of which
there are 8 in total. The genes that encode these
enzymes are located on different chromosomes, and
mutations of these genes can be inherited in either
an autosomal dominant or autosomal recessive fash-
ion, depending on the gene concerned. Affected
individuals are unable to complete heme synthesis,
and intermediate products, porphyrin or its precur-
sors, accumulate.

Environmental triggers are important in many
attacks of porphyria. Example triggers include cer-
tain medications, fasting, or hormonal changes.
Genetic carriers who avoid a triggering exposure
may never experience symptoms.

The cutaneous porphyrias cause sun sensitivity,
with blistering typically on the face, back of the
hands, and other sun-exposed areas. The most
common of these is porphyria cutanea tarda (PCT).
Triggering factors are alcohol use, estrogen, iron,
and liver disease, particularly hepatitis C.

The acute porphyrias typically cause abdominal
pain and nausea. Some patients have personality
changes and seizures at the outset. With time the
illness can involve weakness in many different mus-
cles.

The cutaneous and acute forms are treated dif-
ferently. Cure of these genetic diseases awaits the
results of ongoing research on the safest and most
effective means of gene transfer or correction.

Gene sequence
Genome view see gene locations
Entrez Gene collection of gene-related information

BLink [www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=9845522&org=1] related sequences in different organisms


http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?chr=hum_chr.inf&query=porphyria
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=PureSearch&db=gene&details_term=%28%28porphyria%5BDisease%20or%20phenotype%5D%20AND%20alive%5Bprop%5D%29%20AND%20%22Homo%20sapiens%22%5BOrganism%5D%29
http://www.ncbi.nlm.nih.gov/sutils/blink.cgi?pid=9845522&org=1

The literature

Research articles online full text

Books online books section
OMIM catalog of human ge

Websites

nes and disorders

Fact sheet [http://digestive.niddk.nih.gov/ddiseases/pubs/porphyria/lfrom National Institute of Diabetes and Digestive and Kidney

Diseases (NIDDK), NIH

MedlinePlus [http://www.nIm.nih.gov/medlineplus/ency/article/001208.htm]a medical encyclopedia from the National Library of

Medicine, NIH
Step in Pathway Enzyme Disease caused by enzyme deficiency

1 ALA synthase
2 ALA detwdratase ALAD porphyria
3 HmMB synthase Acute intermittant porphyria
4 Lroporphyrinogen synthase (UROE) Congenital ervthropoietic porphyria
i) Liroporphyrinoden decarhoxylase (LR D) Faorphyria cutanea tarda
B Coproparphyrinogen oxidase Hereditary copropophiria
T FProtoporptwrinogen oxidase Yariegate pophyria
g Ferrachelstase Ervthropaietic protoparphyria



http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=PubMed&details_term=porphyria%20AND%20%22pubmed%20pmc%22%5BFilter%5D
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=books&details_term=porphyria
http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=PureSearch&db=omim&details_term=porphyria
http://digestive.niddk.nih.gov/ddiseases/pubs/porphyria/
http://www.nlm.nih.gov/medlineplus/ency/article/001208.htm

Chromosome Map

This photograph show = a cornplete set
of chrornosornes from an acute pro-
rmyelocytic leukernia (APL) patient, A
rew technique called chrormosorne
painting allow s visual distinction
between chrornzornes and can be uzed
to show the chrormosorne translocations
that frequertly oceur im hurman cancers,
In the caze of APL, chromosorne 13 s
lost, there is a translocation between
chrormosormes 7 and 15, translocation
between chrormozormes 11, 15, 17, and
between chrornozarnes 9 and 18, (Look
for chromnozormes pairted with rmore
than one color ) With thanks to Thomas
Ried, Mational Human Genorne
Research Institute, MIH, for supplying
the picture

Our genetic information is stored in 23 pairs of chromosomes that vary widely in size and shape.
Chromosome 1 is the largest and is over three times bigger than chromosome 22. The 23rd pair of
chromosomes are two special chromosomes, X and Y, that determine our sex. Females have a pair
of X chromosomes (46, XX), whereas males have one X and one Y chromosomes (46, XY).
Chromosomes are made of DNA, and genes are special units of chromosomal DNA. Each
chromosome is a very long molecule, so it needs to be wrapped tightly around proteins for efficient
packaging.

Near the center of each chromosome is its centromere, a narrow region that divides the
chromosome into a long arm (q) and a short arm (p). We can further divide the chromosomes using
special stains that produce stripes known as a banding pattern. Each chromosome has a distinct
banding pattern, and each band is numbered to help identify a particular region of a chromosome.
This method of mapping a gene to a particular band of the chromosome is called cytogenetic
mapping. For example, the hemoglobin beta gene (HBB) is found on chromosome 11p15.4. This
means that the HBB gene lies on the short arm (p) of chromosome 11 and is found at the band
labeled 15.4.



Genes and Disease Chromosome Map

With the advent of new technigues in DNA analysis, we are able to look at the chromosome in
much greater detail. Whereas cytogenetic mapping gives a bird’'s eye view of the chromosome,
more modern methods show DNA at a much higher resolution. The Human Genome Project aims to
identify and sequence the ~30,000 genes in human DNA.



Genes and Disease Chromosome Map

Chromosome 1

o Contains over 3000 genes
¢ Contains over 240 million base pairs, of which ~90% have been determined

o See the diseases associated with chromosome 1 in the MapViewer.

— UROD
— Porphyria cutanea tarda

GBA —{
Gaucher disease

— GLC1A

Glaucoma
HPZ1
Prostate cancer

Ps2
Alzheimer disease



http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&CHR=1&BEG=0.00&END=15100.00&MAP0=ideogr%2Cgenec&VERBOSE=ON&COMPRESS=on&WIDTH=350&SIZE=20&QUERY=uid%282463%2C4397%2C5215%2C5359%2C5728%2C7022%2C9026518%2C9026566%2C9027345%2C9027957%29&QSTR=UROD+OR+GBA+OR+HPC1+OR+GLC1A+OR+PS2&CMD=&FILL=0&ZOOM=0&ABS_ZOOM=0&GNL=None

Genes and Disease Chromosome Map

Chromosome 2

o Contains over 2500 genes
¢ Contains over 240 million base pairs, of which ~95% have been determined

o See the diseases associated with chromosome 2 in the MapViewer.

ETMZ
Essential tremor
— MSHZ
Colon cancer
——— MSH&
Colon cancer

PA=3
Waardenberg syndrome


http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&query=uid(1959%2C2783%2C4184%2C4792%2C9026090%2C9027192%2C9027430%2C9027972)&qstr=ETM2+OR+MSH2+OR+MSH6+OR+PAX3&CHR=2&MAPS=ideogr[2pter%3A13356.970000]%2Cmorbid[0.000000%3A13356.970000]&ZOOM=100.000000

Genes and Disease Chromosome Map

Chromosome 3

o Contains approximately 1900 genes
¢ Contains approximately 200 million base pairs, of which ~95% have been determined

o See the diseases associated with chromosome 3 in the MapViewer.

— WHL
von Hippel-Lindau

— SCLC]
Lung cancer

MLH1 —{
Calon Cancer

ETM1
Essential tremaor

il e 1IN IN


http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&query=uid(1958%2C4049%2C7057%2C7453%2C107327%2C9026091%2C9026582%2C9026637%2C9026668)&qstr=MLH1+OR+ETM1+OR+VHL+OR+SCLC1&CHR=3&MAPS=ideogr[3pter%3A11247.919956]%2Cmorbid[0.000000%3A11247.920000]&ZOOM=100.000000

Genes and Disease

Chromosome 4

Chromosome Map

o Contains approximately 1600 genes

¢ Contains approximately 190 million base pairs, of which ~95% have been determined

e See the diseases associated with chromosome 4 in the MapViewer

EWiC

Ellis-van-Crewveld

S

MRCZLP
Marcolepsy

Fiop
Fibrodysplasia
ossificans
progressiva

}f

HD
Huntington disease

FGFRS
Achaondroplasia

ShCA
Parkinson disease


http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&query=uid(1968%2C2105%2C2886%2C6280%2C13348%2C20241%2C9026199%2C9026201%2C9026283%2C9026440%2C9027752%2C9027884)&qstr=EVC+OR+HD+OR+FGFR3+OR+SNCA+OR+NRCLP+OR+FOP&CHR=4&MAPS=ideogr[4pter%3A7245.300000]%2Cmorbid[0.000000%3A7245.310000]&ZOOM=100.000000

Genes and Disease Chromosome Map

Chromosome 5

o Contains approximately 1700 genes
¢ Contains approximately 180 million base pairs, of which over 95% have been determined

o See the diseases associated with chromosome 5 in the MapViewer.

SROEAL
Steroid S-alpha reductase 1

CKMN1
Cockayne syndrome

SMNL
Spinal muscular atrophy

Asthrma

OTD
Diastrophic dysplasia


http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&CHR=5&BEG=0.00&END=10600.00&MAP0=ideogr%2Cgenec&VERBOSE=ON&COMPRESS=on&WIDTH=350&SIZE=20&QUERY=uid%281099%2C1706%2C6264%2C6370%2C7483%2C9026027%2C9026307%2C9026326%2C9026706%2C9027151%2C9027211%2C9027962%2C9028001%29&QSTR=SRD5A1+OR+CKN1+OR+SMN1+OR+DTD+or+Asthma&CMD=&FILL=0&ZOOM=0&ABS_ZOOM=0&GNL=None

Genes and Disease Chromosome Map

Chromosome 6

o Contains approximately 1900 genes
¢ Contains approximately 170 million base pairs, of which over 95% have been determined

o See the diseases associated with chromosome 6 in the MapViewer.

F—sca1

Spinocarebellar ataxia

1IDDM1
Diabetes

HFE
Hermuochromatosis
CYPELA

Congenital adrenal hyperplasia
due to 21-hydroxylase deficency

I— EPMZA
Epilepsy


http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&query=uid(1488%2C2899%2C2940%2C5983%2C7499%2C7527%2C108728%2C9026679%2C9026720%2C9026761%2C9027328%2C9028154)&qstr=SCA1+OR+IDDM1+OR+HFE+OR+CYP21A2+OR+EPM2A&CHR=6&MAPS=ideogr[6pter:6qter]%2Cmorbid[0.000000:10100.000000]

Genes and Disease Chromosome Map

Chromosome 7

o Contains approximately 1800 genes
¢ Contains over 150 million base pairs, of which over 95% have been determined

o See the diseases associated with chromosome 7 in the MapViewer.

GCK
Diabetes

ELM
williams syndrarne

CTFR—————

Cystic fibrosis Pendrin
Pendred syndrome
OB

Ohesity


http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&CHR=7&BEG=0.00&END=9350.00&MAP0=ideogr%2Cgenec&VERBOSE=ON&COMPRESS=on&WIDTH=350&SIZE=20&QUERY=uid%281022%2C1861%2C2479%2C3738%2C4883%2C67080%2C70602%2C77375%2C78075%2C80291%2C80556%2C80830%2C91313%2C96089%2C9026164%2C9026229%2C9026446%2C9027462%29&QSTR=GCK+OR+ELN+OR+CFTR+OR+OB+OR+Pendrin&CMD=&FILL=0&ZOOM=0&ABS_ZOOM=0&GNL=None

Genes and Disease

Chromosome 8

Chromosome Map

o Contains over 1400 genes
¢ Contains over 140 million base pairs, of which over 95% have been determined

o See the diseases associated with chromosome 8 in the MapViewer.

WRN
Werner syndrone

MY 4{
Burkitt l[yrpharna
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http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&query=uid(4355%2C5511%2C7114%2C9026629%2C9027729)&qstr=WRN+OR+MYC&CHR=8&MAPS=ideogr[1496.770000%3A7346.340000]%2Cmorbid[1496.760000%3A7346.350000]&ZOOM=100.000000

Genes and Disease

Chromosome 9

Chromosome Map

o Contains over 1400 genes

e Contains over 130 million base pairs, of which over 85% have been determined

o See the diseases associated with chromosome 9 in the MapViewer.

}— CDOkMZ
Malignant melanoma

FRDA
Friedrch’s ataxia

ABCI
Tangier disease

ABL
Chronic myeloid leukemia

A N 1NN

TSC1 4{
Tuberous sclerosis
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http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&CHR=9&BEG=0.00&END=7950.00&MAP0=ideogr%2Cgenec&VERBOSE=ON&COMPRESS=on&WIDTH=350&SIZE=20&QUERY=uid%2815%2C16%2C21%2C977%2C2234%2C6884%2C9027097%2C9027798%2C9028021%29&QSTR=CDKN2+OR+FRDA+OR+ABC1+OR+TSC1+OR+ABL&CMD=&FILL=0&ZOOM=0&ABS_ZOOM=0&GNL=None

Genes and Disease

Chromosome 10

Chromosome Map

o Contains over 1400 genes
e Contains over 130 million base pairs, of which over 95% have been determined

¢ See the diseases associated with chromosome 10 in the MapViewer.

PAHX
Refsum disease

OAaT
Gyrate atrophy
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http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&query=uid(4670%2C4971%2C9026815%2C9027407)&qstr=PAHX+OR+OAT&CHR=10&MAPS=ideogr[741.000000%3A7632.840000]%2Cmorbid[741.000000%3A7632.850000]&ZOOM=100.000000

Genes and Disease

Chromosome 11

Chromosome Map

o Contains approximately 2000 genes

e Contains over 130 million base pairs, of which over 95% have been determined

¢ See the diseases associated with chromosome 11 in the MapViewer.

YMD2
Best disease

MEM1 4{
Multiple endocrine

neoplasia

HRAS
Harvey FRas oncogene

f——1DDMZ

Diabetes

LGT
Long QT syndromme

b ATHM

Ataxia telangiectasia
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http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&query=uid(456%2C3082%2C3212%2C3578%2C3987%2C7067%2C101269%2C9026144%2C9026167%2C9026373%2C9026626%2C9028158)&qstr=HRAS+OR+IDDM2+OR+LQT+OR+ATM+OR+VMD2+OR+MEN1&CHR=11&MAPS=ideogr[11pter%3A6451.760000]%2Cgenec[0.000000%3A6451.770000]&ZOOM=100.000000

Genes and Disease

Chromosome 12

Chromosome Map

o Contains over 1600 genes
e Contains over 130 million base pairs, of which over 95% have been determined

o See the diseases associated with chromosome 12 in the MapViewer.

}7 P=R1
Zellweger syndrome

PAH
Phenylletonuria
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http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&query=uid(4771%2C5521%2C151674%2C9026820%2C9027157)&qstr=PXR1+OR+PAH&CHR=12&MAPS=ideogr[315.140000%3A5947.620000]%2Cmorbid[315.130000%3A5947.620000]&ZOOM=100.000000

Genes and Disease

Chromosome 13

Chromosome Map

o Contains approximately 800 genes

e Contains over 110 million base pairs, of which over 80% have been determined

¢ See the diseases associated with chromosome 13 in the MapViewer.

Breast cancer

RE1
Retinoblastoma

CHZE _
Autosornal recessive
neurosensory deafness

ATP7E
Wilson disease
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http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&query=uid(517%2C647%2C2539%2C5614%2C9026108%2C9026559%2C9027119%2C9028037)&qstr=CX26+OR+ATP7B+OR+RB1+OR+BRCA2&CHR=13&MAPS=ideogr[1387.810000%3A3565.030000]%2Cmorbid[1387.800000%3A3565.040000]&ZOOM=100.000000

Genes and Disease

Chromosome 14

Chromosome Map

o Contains approximately 1200 genes
¢ Contains over 100 million base pairs, of which over 80% have been determined

o See the diseases associated with chromosome 14 in the MapViewer.

| ——Ps1{aD3)

Alzheimer disease
SERPIMNAL — |||
Alpha-1-antitrypsin
deficiency
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http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&CHR=14&BEG=0.00&END=6300.00&MAP0=ideogr%2Cgenec&VERBOSE=ON&COMPRESS=on&WIDTH=350&SIZE=20&QUERY=uid%284972%2C5358%29&QSTR=PS1+OR+SERPINA1&CMD=&FILL=0&ZOOM=0&ABS_ZOOM=0&GNL=None

Genes and Disease Chromosome Map

Chromosome 15

o Contains approximately 1200 genes
¢ Contains approximately 100 million base pairs, of which over 80% have been determined

o See the diseases associated with chromosome 15 in the MapViewer.

S

SMRPM
Prader-willi syndrome

LBEZA
Angelman syndrome

Marfan syndrome

f——— HExA

Tay-Sachs disease

17


http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&query=uid(2044%2C2895%2C6296%2C6972%2C8321%2C8322%2C9026195%2C9026581%2C9027343%2C9028032)&qstr=SNRPN+OR+UBE3A+OR+HEXA+OR+FBN1&CHR=15&MAPS=ideogr[1669.130000%3A4684.560000]%2Cmorbid[1669.130000%3A4684.570000]&ZOOM=100.000000

Genes and Disease Chromosome Map

Chromosome 16

o Contains approximately 1300 genes
¢ Contains approximately 90 million base pairs, of which over 85% have been determined

¢ See the diseases associated with chromosome 16 in the MapViewer.

HBAL, HBAZ —

Alpha thalassemia |_ PKD1
Polyoystc lkidney
FMF disease
Farmilial Mediterranean
fever
F——— Crohn's disease

18


http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&query=uid(2861%2C2862%2C3976%2C5017%2C9026261%2C9026262%2C9026790%2C9027295%2C9027894)&qstr=PKD1+OR+CROHN+OR+HBA1+OR+HBA2+OR+FMF&CHR=16&MAPS=ideogr[16pter%3A16qter]%2Cmorbid[0.000000%3A5120.000000]&ZOOM=100.000000

Genes and Disease Chromosome Map

Chromosome 17

o Contains over 1600 genes
¢ Contains approximately 80 million base pairs, of which over 95% have been determined

¢ See the diseases associated with chromosome 17 in the MapViewer.

pad
Turnor suppressor
protein

L CMT1A

Charcot-Marie-Tooth
syndrome

ERCA14{
Breast cancer
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http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&query=uid(644%2C1172%2C5082%2C6793%2C9430%2C18595%2C18734%2C20180%2C20182%2C20183%2C20184%2C20185%2C20186%2C20187%2C20188%2C20192%2C20193%2C9026036%2C9026651%2C9027263)&qstr=p53+OR+CMT1A+OR+BRCA1&CHR=17&MAPS=ideogr[17pter%3A3896.000000]%2Cmorbid[0.000000%3A3896.000000]&ZOOM=100.000000

Genes and Disease

Chromosome 18

Chromosome Map

o Contains over 600 genes
¢ Contains over 70 million base pairs, of which over 95% have been determined

o See the diseases associated with chromosome 18 in the MapViewer.

MPCI
Miernann-Pick disease

DPC4 4{
Pancreatic cancer
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http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&query=uid(3864%2C4596%2C9027248%2C9028163)&qstr=NPC1+OR+DPC4&CHR=18&MAPS=ideogr[899.145003%3A3920.184997]%2Cmorbid[899.140000%3A3920.190000]&ZOOM=100.000000

Genes and Disease

Chromosome 19

Chromosome Map

o Contains over 1700 genes

¢ Contains over 60 million base pairs, of which over 85% have been determined

e See the diseases associated with chromosome 19 in the MapViewer.

BCEDHA
Maple syrup
urine disease

DMPE 4{
Myotonic dystrophy

Jak3
Severe combined
imrnunodeficiency

APOE
atherosclerosis
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http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&query=uid(335%2C567%2C1634%2C3513%2C9026007%2C9026786%2C9027116%2C9027812)&qstr=Jak3+OR+APOE+OR+BCKDHA+OR+DMPK&CHR=19&MAPS=ideogr[1151.850000%3A3490.000000]%2Cmorbid[1151.840000%3A3490.000000]&ZOOM=100.000000

Genes and Disease

Chromosome 20

Chromosome Map

o Contains over 900 genes
¢ Contains over 60 million base pairs, of which over 90% have been determined

o See the diseases associated with chromosome 20 in the MapViewer.

— ADA
Severe combined

imrnunodeficiency
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http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&query=uid(94%2C9025970)&qstr=ADA&CHR=20&MAPS=ideogr[296.719961%3A20qter]%2Cmorbid[296.710000%3A3770.000000]&ZOOM=100.000000

Genes and Disease

Chromosome 21

Chromosome Map

o Contains over 400 genes
¢ Contains over 40 million base pairs, of which over 70% have been determined

o See the diseases associated with chromosome 21 in the MapViewer.

@

SDDI

Armylotrophic

lateral sclerosis |— APS1
Autoirmnrune
polyglandular
sydrome
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http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&query=uid(313%2C6305%2C61194%2C9026314)&qstr=SOD1+OR+APS1&CHR=21&MAPS=ideogr[529.400000%3A21qter]%2Cgenec[529.400000%3A3200.000000]&ZOOM=100.000000

Genes and Disease

Chromosome 22

Chromosome Map

o Contains over 800 genes

¢ Contains over 40 million base pairs, of which approximately 70% have been determined

¢ See the diseases associated with chromosome 22 in the MapViewer.

S

SGLTL [N

Glucose \

galactase

ralabsorption |— DS

V] ———
Meurofibromatosis ||

DiGearge syndrome

BCR
Chraniz rvelaid leukemia
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http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&query=uid(587%2C4507%2C6186%2C109259%2C9026356%2C9026584%2C9026616%2C9028123)&qstr=DGS+OR+BCR+OR+SGLT1+OR+NF2&CHR=22&MAPS=ideogr[563.865008%3A3200.944992]%2Cmorbid[563.860000%3A3200.950000]&ZOOM=100.000000

Genes and Disease Chromosome Map

Chromosome X

o Contains over 1400 genes
e Contains over 150 million base pairs, of which approximately 95% have been determined

¢ See the diseases associated with chromosome X in the MapViewer.

PIG-A
Paroxysral nochirnal
DD | hermoglobinuria
Duchenne muscular
dystrophy
ATP74
Menkes syndrome
CoL4AS
| Alport syndrome
ILZRG
#-linked severe combined |
imrunadeficiency (SCIOD THFSFS
Irmrnunodeficiency
HPRTL —. with by per-Igh
Lesch-Myhan syndrome
FMR1 —
. aLh
Fragile ¥ syndromne Adrenoleukodystrophy
MECPR2 HEM A
Rett syndrame Hermaophilia &
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http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&CHR=X&BEG=0.00&END=8610.00&MAP0=ideogr%2Cgenec&VERBOSE=ON&COMPRESS=on&WIDTH=350&SIZE=20&QUERY=uid%28204%2C515%2C910%2C1206%2C1630%2C2003%2C2173%2C3069%2C3364%2C3970%2C4984%2C41753%2C78045%2C133789%2C133807%2C133813%2C133830%2C133843%2C133874%2C133924%29&QSTR=COL4A5+OR+PIG-A+OR+DMD+OR+ATP7A+OR+IL2RG+OR+HPRT1+OR+FMR1+OR+MECP2+OR+TNFSF5+OR+ALD+OR+HEMA&CMD=&FILL=0&ZOOM=0&ABS_ZOOM=0&GNL=None

Genes and Disease Chromosome Map

Chromosome Y

o Contains over 200 genes
e Contains over 50 million base pairs, of which approximately 50% have been determined

¢ See the diseases associated with chromosome Y in the MapViewer.

=ZRY
Testes-determining factor

7AW,
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http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&CHR=Y&BEG=0.00&END=3650.00&MAP0=ideogr%2Cmorbid&VERBOSE=ON&COMPRESS=on&WIDTH=350&SIZE=20&QUERY=uid%289027087%29&QSTR=SRY&CMD=&FILL=0&ZOOM=0&ABS_ZOOM=0&GNL=None

